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1 INTRODUCTION 
The interaction between horse and rider is very important, especially in equestrian sports. 
Among the equestrian sports Hispanic dressage is most concerned with the movements of 
both the horse and the rider. Obviously, that there is an interaction between the horse and the 
rider, but a number of studies have shown that the  riders’ skill is an important determinant of 
riders` position. With the riders riding the same horse at different gaits, significant difference 
was found between skilled and unskilled riders in maintaining appropriate position. In this 
approach only the differences between the riders could be identified. Also, the influence of 
the horse, was not measured in all studies, so we can assume that it was the same for all 
riders.  In some studies, the markers for movement video capturing  (Kang et al., 2010; Lovett 
et al., 2005) or EMG electrodes (Terada et al., 2004) were attached only to riders. Horse 
movement, captured by video record, was used only for stride determination. In other studies 
coordination dynamics was studied using large number of markers attached to the horse and 
to the rider (Lagarde et al., 2005). Also in other studies analizing the changes in riders limb 
angels, markers athached to horse were used for stride analisys  (Schils et al., 1993; Terada et 
al., 2006). The same was true for studies of riders EMG measurments (Terada, 2000) and 
studies in which used inertial sensors were used (Münz et al., 2013).  
Other studies aiming to describe horse-rider harmony, also used more horses, have again 
concentrated on riders’ skill and not on the influence of the individual horse. Riding harmony 
was defined as a magnitude of average deviation of length vector in phase space. Observed 
differences were explained by differences in riders’ skills (Peham et al., 2001). In a similar 
study the analyst  have looked at the variation of motion pattern of well-ridden and unridden 
horse, concluding that rider and saddle fit the influence motion pattern variability of horses 
(Peham et al., 2004). Professional riders and beginners were compared in a number of studies, 
showing that professional rider can adapt better to the movements of the horse reducing the 
uncontrolled movements at all gaits (Eckardt and Witte, 2015; Münz et al., 2014). 
The influence of different gaits on a movement of the horse’s back was also studied using 12 
horses and one rider, showing that the rising trot is not less challenging for the horses back 
(de Cocq et al., 2009). The distribution of the saddle forces was studied while horse was 
ridden on treadmill and it was shown that it is strongly related to the footfall sequence of the 
walk (Peinen et al., 2009).The influence of the riders' movement on horse pelvis, back, limbs 
and vertical ground reaction force was studied. It was shown that rider's movements induce an 
unequal biphasic load (Roepstorff et al., 2009). In another study the rider’s stability was 
studied at different gaits and the forces acting on the horse’s back during different sitting 
positions. Two point seat was the position in which the rider was the most stable and with the 
lowest load acting on the horse’s back (Peham et al., 2010). 
There is a group of studies in which multiple horses were used and where the authors were 
looking at movement asymmetry. In one of those, axial rotation of the rider and greater range 
of motion of the riders shoulders was observed  again at different gaits and not taking in to the 
account the differences between the horses (Symes and Ellis, 2009). Similar asymmetry was 
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observed in measuring hip axial rotation between left and right hip of all riders (Gandy et al., 
2014). Asymmetry of the horse’s movement was studied in connection with lameness. It was 
shown that presence of the rider can increase the degree of lameness (Licka et al., 2010) and 
that different gaits and dressage exercises also increase movement asymmetry in horse 
(Robartes et al., 2013). 
All of these studies, regardless of how many horses were used, have one feature in common - 
one rider was always riding one horse. The riders were never exposed to multiple horses so it 
was not possible to study the influence of the horse on the rider. The differences in rider’s 
movement could not be assigned to the influence of the horse, because only one horse was 
used or the riders were riding only one horse. Of course the number of studies showed that 
movement of horse and the saddle was closely followed by movement of the rider depending 
on the gait (Byström et al., 2009; 2010). In one of the studies it was shown that there is a 
difference in the movement rhythm when riders were riding horses of different breeds 
(Matsuura et al., 2003). 
Present study is part of a larger study, in which six riders have ridden all of the ten horses 
included in the study, thus generating a large data set of 60 horse-rider combinations. The aim 
of the study was to show the existence of bidirectional influence between horse and the rider, 
using one simple variable. The variable chosen was range of motion in vertical direction.  The 
null hypothesis was that there was no interaction between the rider and the horse on the 
vertical displacement of the riders’ hip. 
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2 LITERATURE REVIEW 
2.1 HISTORY 
The horse, unlike almost all other species, was domesticated for its locomotor capacities 
rather than as a supplier of food or clothing materials. This locomotion capability assigned to 
the horse a major role in transportation and warfare. That explains why there is an early 
interest in a horse gait and welfare. The knowledge about horses was probably very limited 
judged by horse representation on different cave paintings, where horse is represented mostly 
in a static way with all four limbs on the ground. It took quite a long time to domesticate the 
horse. It seems, based on some evidence, that the horse was domesticated some 5000 years 
ago in the region which is today known as Southern Russia. Introduction of the horse caused 
revolution in the warfare, similar if not grater to that caused by the introduction of the 
gunpowder. First, the horses were pulling heavy war chariots and later with the development 
of the riding skills and horsemanship cavalry was introduced. The mark of every conqueror 
was advantageous use of horse and cavalry. From the period of ancient civilizations only few 
reports on veterinary medicine are preserved. The earliest Assyrian report from 14
th
 century 
was found in the region of the Euphrates and Tigris rivers. Also some Egyptian reports are 
quite detailed. However, none of them had described equine locomotion (van Warren, 2013). 
Xenophon, who was pupil of Socrates and is known mostly by his work Anabasis (about 
Persian Cyrus expedition) and defence of Socrates, had also written about horse conformation 
and horsemanship. Also his work is hippiatric in nature. He recognized the role of the 
hindquarters as the motor of locomotion. The first to accurately describe quadrupedal 
locomotion, at least in the slower gaits, was Aristotle.  Scientific interest in horses was less 
prominent in Roman times. Also extensive use of horses by Roman army and chariot racing 
saw to development of veterinary service. Roman physician Galenus conducted large number 
of experiments on animals, but none of his surviving work is dedicated to equine locomotion.  
Veterinary service continued to develop, even after the fall of western part of Roman Empire, 




 century when “Corpus 
Hippiatricorum Graecorum“ was published. This work, also known as “Hippiatrika”, 
incorporated all that was known in this field at the time. Most of it is attributed to Apsyrtos 
(300–360), the chief military veterinarian in the army of Constantine the Great (McCabe, 
2007). 
While Europe was drowned in ignorance of Dark Age, the Arabs have arisen as new military 
force and crucial link to the science of antiquity the first Arab original contribution was the 
manual for military training and care of horses written by Ibn AkhiHizam, Abassid Iraqi 
general, master and central figure of “furusiyya” martial arts discipline, which also included 
horsemanship (Coetzee and Eysturlid, 2013). Other important Arab author was Abu Bakr, 
who wrote an excellent work on veterinary medicine, the Kamil as Sina’atayn (Dinçer, 2002). 
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Renaissance brought science to an increased reliance on observation and inductive reasoning. 
The first real contribution to the equine locomotion science since Aristotel was Giovanni 
Alphonso Borelli (1608–1679)  De motu Animalium (On the movement of animals). Giovanni 
A. Borelli was born on 28 January in 1608 in Naples. He studied physics under Galileo at 
University of Pisa where he later also taught mathematics. Borelli attempted to apply 
geometrical and analytical methods in mechanics developed by Galileo to biology. Even 
though his knowledge of mechanics was limited to the triangle of forces and principle of 
levers, he managed to explain and create a comprehensive and accurate account of  muscular 
action and other body functions and  according to the laws of statics and dynamics.  Borelli 
died in Rome on December 31, 1679. He is often described and considered as  the  father of 
the biomechanics. Borelli also contributed to the medical and the biologic science as well as 
to the mathematical and physical science (mainly astronomy and mechanics). After his death 
his work De motuAnimalium was published in two parts in 1680 and in 1681. His work De 
motuAnimalium helped to inspire the future generations of biomechanics scientist.  Today the 
greatest honour to be received is the Giovanni Borelli Award, bestowed by American Society 
of Biomechanics (Pope, 2005). 
Most important development in 18
th
 century was establishment of the first veterinary school 
in 1761. Claude Bourgelat, director of the Academy of Equitation in Lyon has obtained royal 
permission to transform his riding school to a new institution of veterinary education. Other 
European countries followed this example. The work published in this period and connected 
to second school which was established by Bourgelet near Paris is considered by some as first 
serious work on gait analysis. Georges-Claude de Goiffon (1712 – 1776) French architect and 
his assistant Antoine-François Vincent (1743 - ) published the book, which was primarily 
intended to help artists' to draw horses in a correct way, which was a centuries old problem. 
Gaits of horses were represented in different way and most important representation is what 
we now call a gait diagram. This latter representation of equine gait was invented by Goiffon 
and Vincent and has proved so useful that it is used in many present-day publications in an 
essentially unaltered form (van Warren, 2013). 
Locomotion research in 19
th
 century was somehow independent of lagging veterinary science 
which was bolstered up only by great microbiological discoveries in the latter half of the 
century.  Conrad von Hochstetter in 1821 and Karl Günther in 1866 published books 
describing horse conformation influence on the gait and muscular action needed to produce 
certain movements. The research in Germany and Austria was focused more on the hoof 
mechanism described by Bayer in Austria, in 1882 and by Peters in Germany, in 1879. In 
France Lecoq, Raabe and Lenobe du Tiel continued the work of Goiffon and Vincent, 
devising different gait diagrams and systems for limb placement sequence determination ( van 
Warren, 2013). 
Real breakthrough in locomotion science is linked to the English-born American 
photographer Eadweard Muybridge and the French physiologist Etienne Jules Marey. They 
have provided not only the answers to the centuries long debate about limb placement in 
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faster gaits but also the methodology for future research. During the 19th century there was 
considerable interest in the horse movement, especially because some breeds of horses 
(Thoroughbred ) had  the  same value and prestige as the automobiles have today and also 
because the primary mean of transportation (beside walking) was the horse.  In particular 
there was a debate about existence of a moment  during the trot when all four hooves are off 
the ground (Barrey, 1999). 
Étienne-Jules Marey (1830-1904) was French scientist, chronophotographer and physiologist. 
He studied medicine at the University of Paris where he was introduced to physiology and 
cardiology. His work was significant in the development of physical instruments, 
cinematography, science of laboratory photography, aviation and cardiology. He is also seen 
as a pioneer in photography and history of cinema. He pioneered the way to interpreted 
quantitative data from physiological measurement and established many graphical techniques 
for the displaying these measurements (Laporte, 1998). He was studying medicine at the 
University of Paris where he was introduced to physiology and cardiology.  
 
It was Marey, who adapted the devices for pressure measuring in the human shoe for use in 
horses. Two devices were used, one with the rubber ball under the horseshoe and other with 
the small rubber box fitted by leather bracelet just above the fetlock joint. The pressure on this 
rubber box was exerted by lead ball and copperplate connected by a wire (Marey, 1874).  The 
recording instrument was held by the rider for a walk or trot but strapped to his back for the 
canter or gallop.  
 
Fig. 1: Pressure measuring rubber ball under the horse 
shoe (Marey, 1874) 
 
Fig. 2: Pressure recording system for registering 
horse limb movements (Marey, 1874) 
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The results, which are plotted as a bar chart were conclusive. There is clearly a short period 
when none of the hooves is in contact with the ground (Baker, 2007). His findings were 
published in 1873 under the title “La Machine animale” few years before Muybridge 
confirmed this findings using photographic technique (Barrey, 1999). 
In America, Leland Stanford, Governor of California and rich man, whose wealth was 
amassed during the construction of the Central Pacific railroad believed that during the trot 
and gallop there was an instant in which horse do not touch the ground. His racing stables on 
the West Coast, in which he invested large part of his money were amongst the best in the 
country and he was utilizing the latest scientific research in breeding and racing his horses. 
Opposing his views was rich horse community on the East Coast.  To end this row and prove 
his point he decided to obtain a photograph of the horse during the trot. For this he employed 
Eadweard Muybridge (1830–1904), the best landscape photographer in America (Baker, 
2007). 
Muybridge was born in England, in Surrey, the same year as Muray, in 1830. He arrived to 
the USA in 1850 first to New York and then to San Francisco. In 1860 on his way to England, 
as a successful bookseller, he suffered serious head injury in stagecoach accident. He suffered 
presumably injuries of orbito-frontal cortex, which would explain his eccentric behaviour. 
During his recuperation in England he took up new professional field - photography. 
Muybridge gained notice for his landscape photographs, which showed the grandeur and 
expansiveness of the West (Manjila et al., 2015). 
Marey’s chronophotography prompted Stanford and Muybridge to take a series of images of 
the trotting horses instead of only one. Muybridge achieved this by positioning 12 cameras 
along the track with horses trotting past them. The cameras were triggered by the tripwires 
placed across the track. In this way Muybridge aquired the sequence  of images that was less 
than a second long, but it showed that there was an instant in which the horse wasn't in 
contact with the ground.  After 5 years of work Stanford and Muybridge finally got their 
proof and the pictures were published in Scientific American on 19th October 1878. 
Muybridge has invented a device called a "zoopraxiscope", which enabled viewing images in 
sequence. He copied the images, as silhouettes, on a glass disk and projected the in rapid 
succession. This device was later regarded as the first example of an early movie projector, 
paving  the way toward cinematograph and motion picture (Pain, 2008). 
In the first half of 20th century majority of horse locomotion research was performed in 
Germany. Veterinary anatomy in particular flourished at German Universities and through 
study of muscle function anatomists also got involved in gait analysis. Wilhelm Ellenberger 
(1848–1928) and Hermann Baum (1864–1932) published a number of anatomical handbooks, 
richly illustrated by medical illustrator, Hermann Dittrich and some of those are still in use 
(Veterinary, 2015.). 
There were several research directions followed by German scientist before the Second World 
War. Ellenberger studied horse in gallop using different sounding bells attached to different 
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limbs. Reinhold Schmaltz from Berlin used special turntable designed by Konrad Keller from 
Vienna to keep the camera always directed in the same direction, toward the horse, but instead 
slow motion film he used photographs for analysis. It was Karel Walter from Berlin, who 
recognized the disadvantages of circular motion and used linear rail to move the camera 
alongside the horse (van Warren, 2013).    
Others have studied muscle and ligaments function during the movement. Dörrer from Royal 
Veterinary College in Dresden studied in vitro flexor tendons and the suspensory ligaments 
during various phases of the stride cycle using special device. Strubelt was transecting 
peroneus tertius and superficial digital flexor tendon and didn't find any consequences for 
hind limb movement. These findings were disproved later in the mid seventies (Wentink, 
1978). 
The relationship between morphometric data, conformation and performance was studied 
intensively in pre-war Germany. Most noticed was professor Schöttler’s group in Berlin, 
which studied Thoroughbreds (Stratul 1922 and Radescu 1923), Standardbred trotters 
(Bantoiu 1922) and Hanovarian Warmbloods (Nicolescu 1923). Morphometric studies of the 
time discovered and described different measurements which could identify better performing 
horse. Because no statistical method was used,  it is difficult to assess scientific value of these 
works. The small differences described could be result of the chance. In a group of 220 
cavalry horses of the East Prussian cavalry 66 top performers should have distinct 
conformational qualities which enabled them to be the best in the endurance, jumping, 
dressage and even hunting. Wiechert published this data in 1927. Similarly in 1935, Franke 
found out that stride length depend more on the length of the bony segments of the limb then 
on the respective joint angles. On the other hand Schmidt contradicted this in 1939, after 
measuring a 100 cavalry horses, claiming that no conformational measurement can 
successfully predict the stride length. Studying cold blooded horses Wehner confirmed this in 
1944. Doubts in the usefulness of the conformational characteristics were present from early 
1930. Bethcke found out that speed of the Standardbreds was depended on length of bony 
segments of horses’ extremities and sharpens of their joint angels. Choosing the best 
performer using above criteria proved to be impossible. At the end his conclusion was 
“performance is in the end more determined by other factors such as training, character, blood 
line, stamina and condition of the internal organs."Kronacher and Ogrizek in1932 and 
Wagener in1934 came to the same conclusion (van Weeren and Crevier-Denoix, 2006). 
In other parts of Europe, in Zurich Aepil was measuring joint angels using cinematographic 
technique, but his data  published in 1937 were disapproved by Wilhem Krüger, one of the 
most important German scientist, for failing to correct for skin displacement artifact. In 
Belgium, Zwaenepoel published the study on the impulse of gait in the horse. Kroon and van 
der Plank in Holland were studying hoof mechanism using electric device to measure 
deformation of the hoof wall. In Sweden, Forssell investigated the effect of the transaction 
various tendons and ligaments. Palmgren studied Swedish Standardbreds using high-speed 
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cinematographic camera in attempt to recognize the angulation pattern of the elbow joint in 
relation to muscle use and muscle conformation (van Warren, 2013). 
There was also some research in other parts of the world. In Argentina Pierre Magne de la 
Croix published a lot of work on the evolution of different gaits in horse but also in other 
vertebrates. Armando Chieffi in Brazil was another South American involved in locomotion 
research. He was studying center of gravity, artificial gaits (marcha), stance phases of 
different gaits and transition of gaits. In the United States most of the published work was 
theoretical and not always horse specific. On the other hand even the Soviet Union produced 
some experimental studies. Ivanov and Borissov studied the function of Lacertus fibrosus in 
the standing and moving horse. Study of correlation between some morphometric variables 
and maximal speed in the Russian Orlow trotter by Afanasieff was probably politically 
motivated  (van Warren, 2013). 
After the Second World War the role of horses in the society changed. The horse population 
declined drastically. Extreme losses during the war (>50%) and introduction of mechanization 
ousted the horse from his traditional role in military. The same happened in the field of 
transportation and agriculture (Simpson, 1951). 
The interest in equine locomotion was certainly at a low level in the period between the end 
of World War II and the early 1970s, but some research has still being done.  At Giessen 
University, Schauder was studying the functional development of the musculoskeletal system 
(Schauder, 1949 as cited in van Warren, 2013). At the University of Bonn Kaemmerer was 
studying the flight arcs of various parts of the equine limbs (Kaemmerer, 1960 as cited in van 
Warren, 2013). Björck (Björck, 1958 as cited in van Warren, 2013) and Kneževič (Knezevic, 
1962 as cited in van Warren, 2013), in Sweden, studied ground reaction force and hoof 
mechanism. In France André published a work on static, dynamic and cinematic aspects of 
equine locomotion. In Eastern Europe they were mostly interested in conformation and 
relationship between morphology and performance. Grogan (Grogan,  1951 as cited in van 
Warren, 2013) and Dawes (Dawes, 1957 as cited in van Warren, 2013), were the only two 
authors in Anglo-Saxon world who published on subject of the horse gaits but mostly based 
on clinical impressions and not on the research. 
Economical revival in the sixties and seventies was the main reason for the resurgence of 
interest in horses and interest in equestrian sports in particular. Instead being used in military 
and in transport horse have suddenly become an athlete and in some cases very valuable asset. 
This increased economic value of horse and this increasing interest in horses for racing and 
riding activities has stimulated scientific research in equine biomechanics. The reasons why 
athletic horse often  suffers injuries of their locomotor apparatus are contributed to 
constitution (limb conformation, genetics), bad environmental conditions (tracks, weather) 
and human management errors (nutrition, training, shoeing, breeding). The extent of this 
problem has justified the great effort, which was and still is, put into equine locomotion 
research. Economic factors have also favoured the development of early performance 
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evaluation in all breeds in order to improve the training and selection of young horses 
(Barrey, 1999). 
Two main methods are used in horse locomotion research today. Kinematic analysis is the 
study of changes in the position of the body segments in space during a specified time. The 
motions are described quantitatively by linear and angular variables that relate time, 
displacement, velocity and acceleration. In physics, kinetics tries to explain the motion 
through the forces applied to the body. The applied force will in turn, depending on the mass 
of the body and its distribution, generate acceleration transferring the energy and performing 
the work. So measuring the forces, acceleration and velocity one can adequately describe the 
motion. Modern kinematic analysis uses markers attached in different ways on the body of the 
horse or rider, which are then recorded by cinematographic or video cameras. Data analysis in 
the early eighties was quite complex and labor intensive but development of the computer 
software and hardware eased the process greatly. The external forces usually measured in the 
kinetic analysis are ground reaction forces, forces under the riders seat and forces which 
develop in the reins. The sensors can be placed either in a force shoe device, attached under 
the hoof or on the ground in a force plate. Force plate type sensor is also placed under the 
riders' seat (Clayton, 1999). 
Using high speed cinematography and treadmill Fredricson and his group in Uppsala were 
studying Swedish Standardbred horses. They can be credited for being the first to use a 
treadmill for equine locomotion analysis (Fredricson et al., 1983). This early research led to 
many racetrack improvements at the time. Labor-intensive data analysis lead to introduction 
of new technologies like Trackeye® system (Drevemo et al., 1993) and later to Proreflex® 
system QualisysAB for which they developed special software for the analysis of non-
invasively captured kinematic data. This was used for the important work on equine 
thoracolumbar spine and back motion in general (van Warren, 2013). Other important work 
was the development of a forceshoe suitable for use on the treadmill (Roepstorff et al., 2001). 
In Vienna research focus changed, starting with the biomechanics of the hoof using strain 
gauges to kinematics research using treadmill and Motion Analysis® system. Equine back 
motion was studied extensively (Licka et al., 2001) as well as  horse - rider interaction (Licka 
et al., 2010), too. 
Utrecht is an important research centre, noticed especially  for introducing 
optoelectronicCODA-3® system and developing solution for avoiding skin displacement 
artefacts by using intra-osseous LEDs, which shone through the skin (van Weeren and 
Barneveld, 1986). An interesting study was the study of the longitudinal development of gait 
from 4-month-old foal to adult horse (Back et al., 1994). Quantification of horseback 
kinematics was a base for many research projects like the effects of induced lameness, the 
effect of chiropractic treatment of the equine spine and the influence of various head and neck 
positions (Faber et al., 2003). Recently a new and important direction in research, the 
interaction of horse and rider, is pursued (de Cocq et al., 2009). 
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In France, the most work was done in Alfort, the leading veterinary school. Using innovative 
technology like ultrasound based measurement of strain in distal limb tendons and the new 
light weight force shoe and miniaturized accelerometers, the Alfort group was able to study 
performance horses at high speeds (Chateau et al., 2009). 
In Zurich, development of the treadmill with inbuilt force plate enabled kinetic studies even 
with the horses running at much higher speeds. Using this equipment they took part  in 
international collaborative study which looked into the effect of various head and neck 
positions on equine biomechanics (Weishaupt et al., 2006). 
One of the most important researchers in Canada and United states is Hillary Clayton. She 
began her career as Doug Leach’s co-worker (another important name in horse locomotion 
research) and later chair of the Department of Veterinary Anatomy in Saskatoon.   At first she 
was interested in kinematic analysis of lameness to be later more directed towards the 
kinematic analysis of elite sport horses (Clayton, 1994b). At Michigan State University, 
where she later moved, excellent facilities have enabled research into a great many areas of 
fundamental, clinical and sport-related research (Clayton et al., 2010). 
2.2 HORSE AND RIDER INTERACTION 
Studies of the horse–rider interaction have included a biomechanical or ethological approach, 
together with research on health and performance of both horse and rider. Ethology is the 
scientific and objective study of animal behaviour especially under natural conditions. In this 
paper we focus more on the biomechanical aspects of horse rider interaction. Kinetic 
measurements with force plates or a force-measuring treadmill and kinematic measurements 
with motion analysis or accelerometers were used to define different rider characteristics, 
including various rider-body factors related to skill, rider weight and also the concepts used in 
riding methodology. Pressure measurements between the saddle and horse’s back using 
electronic pressure mats, rein tension studies and electromyography were used to elucidate 
some of the problems and solutions connected to different equipment. 
2.2.1 Classification and description of gaits 
In order to discuss horse rider interaction, brief description of gaits and their classification is 
necessary. A gait is "a complex and strictly coordinated, rhythmic and automatic movement 
of the limbs and the entire body of the animal, which results in the production of progressive 
movements (Barrey, 2013). 
The gaits can be classified in different way. Using symmetry between left and right side one 
can classify gaits as a symmetric or asymmetric. Symmetric gaits include: walk, trot, running 
walk, rack, toelt, fox trot, paso and stepping pace. Left and right footfall of the fore and hind 
limbs are evenly spaced in time, in these gaits. On the other hand in asymmetric gaits the 
footfalls of the fore and/or hind limbs occur as couplets. The trailing limb is the first limb of a 
couplet to contact the ground and the leading limb is the second limb to contact the ground. 
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These gaits include: canter, transverse and rotary gallop, half-bound. One can also classify the 
gaits according to the ground contact of the limbs. In stepping and walking gaits horses 
always have at least one limb in contact with the ground while in running gaits there is one or 
more periods of suspension in each stride (Barrey, 2013). 
2.2.1.1 Walk 
The walk is a four beat gait, with no period of suspension and with large overlap times 
between stance phases of the limbs, which makes it rather difficult to analyse. Forelimb 
footfall is always followed by contralateral hindlimb footfall (diagonal footfall) and hind limb 
footfall is always followed by ipsilateral forelimb footfall (lateral footfall). Not all the horses 
have regular 4-bit walk with an equal time elapsing between successive lateral and diagonal 
footfalls. This was observed only in one horse out of six. Four of the horses had shorter time 
interval between lateral footfall and one between diagonal footfall. Increase in speed during 
transition from collected to medium and extended walk in dressage horses can be attributed to 
increase in stride length and decrease in  a stride duration. The stride frequency does not 
change (Clayton, 1995). 
The gaited horses have four – beat rhythm gait, classified as a stepping gait because there is 
no suspension phase during the stride. The gait can have regular rhythm or irregular rhythm. 
The irregular rhythm occurs in two distinct forms as lateral couplets or diagonal couplets. 
When the foot falls of the ipsilateral limbs are temporally closely related and the forelimb 
footfall occurs immediately after the hindlimb footfall on the same side, lateral couplets 
irregular rhythm is present. In diagonal couplets it is the footfall of diagonal forelimb which 
follows the hindlimb footfall (Nicodemus and Clayton, 2003). 
2.2.1.2 Trot 
The trot is a symmetric, 2-beat, diagonal gait. Diagonal footfall is followed by suspension 
phase and contralateral diagonal footfall. Suspension phase is not always present. There are 
variations of the trot based mostly on a speed, which is increasing from collected, to working, 
to medium and extended trot. Elite dressage horses can perform even slower variants of 
collected trot - passage and piaffe. It was shown that these are also symmetrical gaits, with 
stride lengthening and lower stride frequency. Suspension phase is shorter in passage and 
absent in piaffe (Clayton, 1997).   
In other sports the trot is so extended that it can reach a maximum speed of 14.2 m/s with a 
maximum stride frequency of 2.52 strides/s and a maximum stride length of 5.92 m. The 
rhythm can change to a four-beat rhythm due to asynchrony of the impact (and lift-off) of the 
diagonal limb pairs. In this case one of the limbs of diagonal pair is impacting sooner than the 
other limb of the same pair. This is called flying trot (Barrey et al., 1995). 
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2.2.1.3 "Ambling" gaits 
The term "ambling"gaits was used in the past when they tried to group together different four-
beat intermediate gaits. The horses able to amble are also called “gaited” horses in the United 
States. Two basic types could be identified in most ambling gaits based on sequence of 
footfalls. Lateral type is present if the footfalls of the ipsilateral limbs come in a sequence and 
diagonal type if the footfalls of the diagonal limbs come in a sequence. Based on a temporal 
variables coon rack, rocky mountain rack, mountain pleasure rack, classic fino, paso llano, 
road gait, marchapicada, and toelt are classified  as a regular rhythm four beat stepping gaits. 
The running walk, curly rack and sobreandando were characterized by lateral couplets, 
whereas the fox trot, marchabatida, pasocorto, and paso largo showed diagonal couplets. 
There are three distinct limb support sequences and the percent of stride spent in the different 
support phases depends on the gait. The curly rack had the shortest bipedal diagonal support 
and the fox trot had the longest. The marchabatida had the shortest lateral bipedal support and 
the running walk had the longest. The only gait to have a unipedal forelimb support phase and 
also had the longest hind limb unipedal support phase were the road gaits and toelt. The curly 
rack and marchapicada had considerably longer periods of tripedal support than the other 
gaits (Nicodemus and Clayton, 2003). 
2.2.1.4 Pace 
The pace is also 2 beat lateral symmetrical gait, in the pace, the two legs on the same side of 
the horse move forward together, unlike the trot, where the two legs diagonally opposite from 
each other move forward together. In both the pace and the trot, two feet are always off the 
ground. At racing speed, the pace, like the trot, becomes a four beat gait, with dissociation of 
the lateral limb pairs at impact and lift-off. The lateral sequence of footfalls enable the horse 
to avoid any contact between the ipsilateral limbs. This is probably the reason that the pacers 
are usually faster (Barrey, 2013). 
2.2.1.5 Canter and gallop 
The canter and gallop are asymmetrical gaits, performed at different speeds. The main 
difference is that at the canter the stance phases of the diagonal limb pair are synchronized, 
thus generating a 3 beat rhythm, while at the gallop the footfalls of the diagonal are 
dissociated, with the leading hind limb contacting the ground before the trailing forelimb. 
There are two possible footfall sequences: right lead canter or gallop and left lead canter or 
gallop, depending which forelimb is further away at the end of the stride. The lead change 
usually occurs during the racing because of muscle fatigue or running through the turn with 
the inside limb leading. Two types of gallop exist: transverse and rotatory gallop. In 
transverse gallop leading limbs (fore and hind) are on the same side of the body while in 
rotatory gallop the leading limbs are on the opposite side (Clayton, 1994a). 
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2.2.2 Laterality 
Many species are showing some degree of functional lateralisation. This lateralisation can be 
observed at individual and population level. When majority of individuals shows some kind 
of directional lateralisation, we can speak of population level lateralisation. Sensory and 
motor lateralisation exists. Lateralisation is associated with anatomical and hormonal 
differences in animals and also in humans (Rogers, 2009). When observing horses on pasture 
half of them exhibited left (40 %) or right (10 %) forelimb laterality when grazing.  Horses 
were also tested for sensory laterality and use of right nostril first was shown in horses under 
4 years of age. Relationship between direction of foreleg motor bias and first nostril used was 
not significant (McGreevy and Rogers, 2005). It was also shown that direction of the laterality 
is strongly sex related. Stallions exhibited left lateralised responses and mares exhibited 
significantly more right lateralised responses. This implies that laterality is at least in part 
determined genetically (Murphy et al., 2005). Foals with long limbs (and small heads) 
protract one of the forelimb when grazing and this predispose them for the development of 
laterality (van Heel et al., 2006). Different breeds exhibit different direction of laterality. 
Observing foreleg position during grazing, it was shown that Thoroughbreds and 
Standardbreds exhibit strong left preference  while in Quarter Horses there was no convincing 
evidence for laterality, suggesting influence of training, because each of these breeds was 
trained for different tasks (McGreevy and Thomson, 2006). 
While racing in gallop, most horses prefer right lead stride pattern (the left hind hoof striking 
the ground first). In Arabians and American Quarter horses this was observed in 90% of cases 
(Williams and Norris, 2007). Hair whorls (trichoglyphs) are statistically significantly 
associated with direction of the motor laterality. The right lateralised horses had significantly 
more C facial hair whorls and the left-lateralised horses had significantly more CC facial hair 
whorls (Murphy and Arkins, 2008). The horses (3 years old) which protracted the forelimb, 
while grazing as a foal, have uneven hoofs, which contribute to laterality and side preference 
for trot- canter transitions. This could influence performance and it was suggested  as one of 
selection criteria (van Heel et al., 2010). Motor laterality in foals and young horses was 
assessed by the ability/inability to execute a circle at trot using the direction of derailment, as 
an indicator of motor bias. The laterality seems to increase with age, being more frequent in 
two years old horses (Lucidi et al., 2013). Horses show more laterality in stressful situations. 
When loaded on a truck or steeping of the step they prefer to use left foreleg first (Siniscalchi 
et al., 2014). Uneven hoof, the side with the flatter hoof showed a significantly larger 
maximal horizontal braking and vertical ground reaction force, a larger vertical fetlock 
displacement and a suppler fetlock spring (Wiggers et al., 2015).  
2.2.3 Basic rider movements 
The presence of rider changes the centre of gravity of the horse. This change of the centre of  
gravity of the body is indicated by ventroflexion of the head and increase in EMG activity in 
sternum and ibularis muscle (Tokuriki and Aouki, 1991).   
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Rider’s movements and posture during the riding are obviously influenced by the level of 
experience, but also by the gait. More experienced riders will assume more upright posture, 
pulling their legs under them and carry their upper arm ahead of the trunk. A study was done 
using high speed video system to analyse relative and absolute angels of the shoulder, hip and 
knee in 63 riders with different experience level, riding the same horse at walk, sitting trot and 
posting (rising) trot (Schils et al., 1993). 
Novice rider found it difficult to stay in balance with the motions of the horse. In a study 
comparing performance of two novice and two advanced riders riding the same horse, the 
muscle activity of the riders, using superficial electrodes was measured. Unlike the advanced 
riders, where there was no difference in frequency distribution between the erector spinae 
muscle and rectus abdominis muscle, novice riders showed marked difference in the activity 
of this two muscles. There were also higher  rates of intermediate and high frequency bands in 
the adductor magnus muscle in a novice rider in comparison with the advanced rider. 
Contracting the adductor magnus muscle, the novice rider is trying to compensate for 
instability of the upper body caused by incorrect gauging of the horse movement. The trot and 
walk were the gaits with more influence comparing it to the canter (Terada, 2000). 
In a similar study with six riders ridding the same horse, while recording EMG of 12 muscles, 
they found that rectus abdominis, upper trapezius, middle trapezius, flexor carpi radialis, 
biceps brachii, triceps brachii and middle deltoid muscles had the same pattern in all riders, 
with  the peak 1 and peak 2 occurring during the same phase of the stride and with a low SD 
for the timing of these peaks. The rider must stabilize upper body to prevent collapse, when 
the horse’s limbs contact the ground and rapidly decelerate, in the initial part of stance and 
high impact forces develop. Muscle activation times were consistent and similar between 
riders suggesting that riders had been using these muscles to stabilize their body position and 
had to synchronize this activity with the horse’s movements. To follow the horse movements 
in mid-stance, when the direction of movement is reversed and the horse starts to rise, the 
rider has to pitch his pelvis forward, by activating rectus abdominis muscle (Terada et al., 
2004). 
Harmony of rider horse system could be compared to driven pendulum which is driven at its 
natural frequency. Using length vector (LV) calculated from angle, angular velocity and 
angular acceleration and plotting it in a phase plane diagram it was possible to show 
difference between professional and recreational riders. Stability of the motion is judged by 
the changes in LV magnitude. If there are no changes in LV magnitude between the motion 
cycles the system is stable. Variations in the phase plane from one cycle to the next were 
smaller for the professional rider which indicates that professional rider horse system is closer 
to a steady state motion then recreational rider horse system (Peham et al., 2001). 
Study analyzing the periodic nature of the motions and the coordination between the horse 
and rider as a coupled dynamical system has shown that the head and the back of the horse 
and the entire body of the rider move in regular oscillations along the vertical axis. The horse 
up and down movements translate to the rider and the rider must continually adjust his or her 
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movements to accommodate the mechanical interaction with the horse—a kind of impedance 
matching. This coordination was described by phase lag. The mean and standard deviation of 
the phase difference was calculated between traces from reference marker located on the 
sacrum of the horse and each marker on the rider. With the novice rider phase lag between the 
marker on the horse’s sacrum and markers attached to the rider was significantly larger than 
with the expert rider. The expert rider was able to keep "straight-line position" with shoulder, 
elbow and wrist aligned indicating an excellent balance while in novice rider a systematic 
phase shift was observed. Oscillations of the trunk of the rider from the vertical line were 
much more regular in expert rider then in the novice rider pointing to the differences in the 
global coordination between the riders (Lagarde et al., 2005). 
The rider’s movement is also influenced by the movement of the horse. Different gaits and 
also different breeds are causing significantly different vertical amplitude of rider’s 
movement.  Unfortunately in this study it was not possible to simultaneously measure horse 
movements, because markers on the horses were not visible when the horse was ridden 
(Matsuura et al., 2003).  
It seems that the rider exerts a stabilizing effect on the gait of the horse, because the rider 
interferes with the external unbalancing influences which are threatening to become relevant. 
This enables tighter control of speed and movement. This was demonstrated by the higher 
ability to adapt to the treadmill speed and significantly lower variability of velocity (p < 0.05) 
and acceleration (p < 0.01) in forward direction  in the ridden horse compared to  the un-
ridden horse. Variability was assessed by normalizing standard deviation with a range of 
mean motion cycle (Peham et al., 2004). 
The regularity of the movements of the horse is related to the skill of the rider and no doubt 
facilitates the phase synchronization between the rider and the horse. Extensions and flexions 
are corresponding to a minimum and maximum of the vertical motion of the sacrum. In a 
 
Fig. 3: Mean angles (°) for riders measured at impact 
of each of the horse’s limbs during walk. With kind 
permission of the author (Lovett et al., 2005) 
 
Fig. 4: Mean angles (°) for riders measured at impact 
of the horse’s limb pairs during trot. With kind 
permission of the author (Lovett et al., 2005) 
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horse ridden by an expert rider, the time intervals between the extensions were significantly 
less variable compared to the horse ridden by the novice rider. The time intervals between 
flexions were much more variable (Lagarde et al., 2005). 
The rider position changes at different points in the horse’s stride cycle. Video analysis was 
used to measure the absolute angles of the trunk, thigh and lower leg of five riders during the 
walk, rising trot and canter. The mean angles of the riders trunk, between limb impacts, were 
significantly different at walk (p= 0.05). At trot in all angles between impacts of the horse’s 
diagonal limb pairs significant differences were found (p=0.05).  
For walk, trot and canter riders’ trunk moved 5.98°, 4.18° and 4.78° respectively. The rider’s 
position did not change significantly only in canter. There was a significant difference in the 
angle of riders’ trunk between successive limb impacts during the walk. The riders trunk was 
behind the vertical on hindlimb impact and in front of the vertical on forelimb impact. The 
riders adopt different position during the rising trot, the trunk was in front of the vertical 
through the whole stride. This is probably reflecting different needs for balance and 
coordination in sitting and rising phase of the trot. The ground reaction forces acting along the 
longitudinal axes and flexion and extension of the horse back, in canter and walk, influence 
the rider upper body. Tostabilise their position during the canter rider must activate his 
muscles to a much greater degree, which can be concluded from similar range of trunk 
movement as in the walk (Lovett et al., 2005). 
 
Fig. 5: The rotation angels (Hearing., 2015) 
 
Vertical and horizontal oscillations of the rider’s trunk are associated with changes in the 
distances from the bit to the rider’s wrist, shoulder and hip. Six experienced riders rode the 
same dressage level (not specified what level). Thoroughbred horse was wearing spherical, 
reflective markers. Using high speed camera the data was captured while it was ridden sitting 
trot in a straight line. The range of distances between the bit and the rider’s hip (78 ± 30mm) 
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was significantly larger than the range of distances between the bit and the rider’s shoulder 
(34 ± 15mm) or wrist (15 ± 3mm). Changes in the distances from the bit to the shoulder and 
the wrist were out of phase with changes in distance from the bit to the hip (Terada et al., 
2006). 
To study movement patterns, during the collected trot, kinematic analysis of the horses and 
the riders on a high-speed treadmill with an integrated force measuring system was 
performed, using video based system with numerous spherical reflective markers placed on 
the horse, the rider and the saddle. The three angles described: roll, pitch and yaw respectively 
represent rotations of each segment around the X-, Y- and Z-axes. 
From the first contact to approximately mid-stance    of each diagonal rotation of the rider’s 
pelvis was directed cranially in pitch and away from the supporting hind limb in roll and yaw. 
The rotation of the upper body and the head was directed  caudally in relation to the pelvis. In 
the second part of the stance reverse changes were observed, direction of the pitch, roll and 
yaw is opposite. The rider is pressed against the saddle and stirrups during the deceleration 
phase, the rider’s lumbar lordosis is more pronounced, there is flexion of the knee and ankle, 
the head and feet move forwards. When the horse pushes-off, the propulsive movement is 
transmitted to the rider, pushing him out of the saddle,   straightening lumbar lordosis, 
extending the legs and moving backwards the head and the feet (Byström et al., 2009). 
There are two techniques for riding the trot. In sitting trot rider remains seated throughout the 
stride and in rising trot rider rise in every stride. The rising trot is thought to be less 
burdensome for horseback. This was studied in a study with twelve horses and one rider. 
Kinematic analysis was performed during the trot with the horse unloaded, ridden in a sitting 
and ridden in rising trot. Overall the back of the horses was more extended during the sitting 
trot comparing it to the unloaded trot. Maximal flexion of the back was similar in rising trot 
and unloaded trot, but on the other side maximal extension was also similar between rising 
trot and sitting trot (de Cocq et al., 2010). 
Comparing advanced rider and beginners, before training and after 12 and 24 weeks of 
training, using different body angels it was shown that training improves rider position. After 
the 24-week of training, the posture of beginners group became similar to that of advanced 
group of riders. Joint angels of elbow and shoulder increased until it almost reached the 
advanced rider values. The lower legs of both the knee and ankle joints showed postures 
similar to the advanced riders group after only 12 weeks of training. The front-rear angle of 
the beginners group maintained an extended posture at 12 and 24 weeks compared to before 
the training, but the result was still lower than the advanced riders group. There was a 
correlation between different angels, in different gaits. At the walk, the shoulder, elbow and 
FR(front-rear) angle showed positive correlations, while the hip and LR angle were 
negatively correlated. During trotting, the ankle and LR(left-right) ankle, the hip and knee, the 
elbow and ankle were positively correlated (Kang et al., 2010). 
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The increase of mass by addition of the rider’s body mass and a possibly decreased ability of 
the ridden horse to relocate the center of mass away from the lame limb(s) could further 
increase the lameness in some circumstances. In study which included 20 riding horses ridden 
by only two riders, novice and dressage rider forelimb and hind limb lameness was evaluated 
during  trotting in hand (using a lead rope with no rider) and ridden at a working trot (sitting). 
Lameness parameter was calculated as an asymmetry between vertical movements of markers 
attached to the head and the sacrum of the horse. For the forelimbs, lameness parameter was 
not significantly different between unridden horses and horses ridden by either rider. For the 
mean hind limb lameness there was no significant difference between  unridden horses and 
the horses ridden by the novice rider, but there was a significant increase in mean hind limb 
lameness when the horse was ridden by the dressage rider (p = 0.016). The dressage rider is 
able to achieve better collection of the horses and this is shifting weight onto the hind limbs 
(Licka et al., 2010). 
Different seating positions affect the stability of the rider as well as the forces acting on a 
horse’s back. Using an electronic pressure mat, placed under a well-fitting dressage saddle 
with no saddle pad the kinetic data were recorded with10 sound horses trotting on a treadmill 
ridden by the same experienced rider. The rider’s stability was determined, by calculating the 
movement of the center of pressure along the transverse (X) and longitudinal (Y) axes. In the 
X-direction, there was no significant difference between the three positions. The rider stability 
was significantly highest, in the Y-direction, in the two-point seat, followed by the rising trot 
and the sitting trot, respectively. At the sitting trot. The significantly highest load on the 
horse’s back was observed (2112 N), followed by the rising trot (2056 N) and the two-point 
seat (1688 N) (Peham et al., 2010). 
To test the use of inertial sensors in field condition, two riders ridding one horse were 
equipped with this equipment. The riders were wearing the sensors on their hip and horse had 
a sensor attached to a sternum. Anterior-posterior (AP) and lateral angle (LT) were used to 
represent orientation of riders pelvis and horse sternum. The waveform of AP angle 
represented well, quantitatively the two beat rhythm of sitting trot. The three beat rhythm of 
canter and four beat rhythm of walk are less well represented. The AP angles of the pelvis and 
those of the sternum had a tendency to run in phase in rising trot and out of phase in sitting 
trot, canter and walk. It was also found in this study that repeatability between trails is 
moderate to excellent, because between angle-time courses of pelvis and of sternum 
coefficient of multiple correlations (CMC) was between 0.74 and 0.98. In spite of statistically 
significant difference between two riders riding one horse, no conclusion was made about 
causes for this differences due  to a small sample size (Münz et al., 2013). 
In clinical lameness assessment, exercise condition most often used are ridden and unridden 
trot on the straight and on the circle. For quantifying movement asymmetry, in this study,  
during this exercises six degree of freedom inertial measurement units were used on 23 sound 
horses. The sensors were positioned on the withers and both tuber coxae and in the front on 
the poll. Unridden horses during straight trot exhibited rather great variability. Symmetry of 
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movement for sacrum was better (only one horse outside normal range) then symmetry of 
movement for head with ten horses outside the normal range. The least symmetrical 
movement for the horses with normal symmetry index, by previously published range, was 
exhibited during the exercise on the circle. In the rising trot on the circle most prominent 
asymmetry was observed, median change in symmetry index exceeded current thresholds 
defined for unridden trot (Robartes et al., 2013). 
Studying riders and horses during longer periods of time, like during endurance racing, was 
not possible until recently with development of mobile technologies. Two tri-axial 
accelerometers were attached to six rider-horse pairs and measurements were made during 
120 km long endurance race. The study was focused on combined vertical displacement. To 
identify the gaits, canter or trot used during the race the dorso- ventral horse displacement 
frequency was used. This frequency was higher in trot then in canter. The trot was used more 
often than canter during the race. The distribution of vertical displacement was bimodal in trot 
and also in canter, as analysis of maximal amplitude of vertical displacement has shown. 
Lissajous plots showed, for every combination of gait and ridding technique, different types 
of horse-rider coordination patterns. There are two successive coordination patterns in trot, 
the one in which the patterns overlap, called two-point technique and the one where the 
patterns are distinct, called rising trot. Lower inclination of the Lissajous plot, an angle 
between its two points of reversal, can be used to distinguish between different riding 
techniques (Viry et al., 2013). 
Twelve horse and rider combinations were used to study eternal rotation of the hip about the 
longitudinal axis of the femur in a riders wearing Xsens
TM
 MVN suit.  The data showed  when 
combining the two captures for each horse rider combination that in trot down the straight 
runway the rider had  greater external rotation of the right hip. The mean asymmetry values 
ranged from 1° to 27°, with 10 of the 12 combinations (83%) (Gandy et al., 2014). 
Comparing professional and beginner riders 6 degree of freedom (6DoF) inertial sensors were 
used on 20 riders and 20 horses. The riders have ridden 30 m straight course four times in 
walk, sitting trot and right lead canter. In walk the pelvis of professional riders was tilted 
significantly further forward while their horses showed higher maximal values. There was 
significant difference between the groups in maximal and minimal anteroposterior rotations in 
trot. Also there was a significantly greater range of motion in lateral rotation between the 
professional and beginner riders. In canter there was a significantly lower maximal value in 
the group of professional riders in anterorposterior rotation. The strongest movement of the 
pelvis was found in canter for anteroposterior rotation, followed by trot and walk. In all gaits 
the group of professional riders kept their pelvis closer to mid-position while the group of 
beginner riders tended to tilt their pelvis more to the right. Phase shifts could be found 
between the group of professional riders and the group of beginner riders  in all gaits expect 
for lateral rotation in trot (Münz et al., 2014). 
In a similar study using 6DoF inertial measurement unit to measure the relative joint angles of 
knee and elbow and the absolute segment angles of the riders’ pelvis, trunk, and head, 10 
Vlahović M. Hips movement of rider during sitting trot.   20 
   M. Sc. Thesis. Ljubljana, University of Ljubljana, Biotechnical Faculty, Department of Animal Science, 2017 
 
professional and 10 beginner riders were included. They rode a straight line on a 30 m sand 
track with constant working speed four times in sitting trot and four times in left lead canter. 
Significant differences were found for minimal and mean anteroposterior rotation (roll) of the 
head while riding at trot. The trunk of beginner rotated in roll significantly more anterior than 
the trunk of professional. The professional riders have shown more flexed elbows during 
sitting trot. For the left and right knee angles the results range of motion for professional 
riders were significantly smaller than for the beginners. In contrast to sitting trot, in left lead 
canter the rider’s head shows high standard deviations for all investigated parameters. Trunk 
and pelvis rotated in anteroposterior direction in opposite to the horse trunk in both groups. In 
lateral direction (pitch) there was significantly higher range of motion in beginners. The 
relative joint angles did not show similarly clear differences in left lead canter as in sitting 
trot, except for the right knee range of motion which was significantly higher in beginners 
(Eckardt and Witte, 2015). 
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3 MATERIALS AND METHODS 
The study was conducted in December 2013 at Manngaardens Ride Center at Odense, 
Denmark.  
3.1 MATERIALS 
3.1.1 Riders and horses 
Ten Danish riders took part in the study, but only data from six riders were used in the current 
study. All these six riders were females, 38.8±5.81 years old and 168.1±4.40 cm tall, with the 
average weight of 60.6±5.18kg. They are all professional dressage riders, competing in 
dressage competition. Their average riding experience was 30±6.3 years. Three out of 6 riders 
daily rode 5-7 horses, while the other 3 rode 1-4 horses.  
Ten horses were used in this study: five mares and six geldings. All horses were trained in 
high level off dressage. The horses were trained either by their owners or by professional 
riders. All the horses were privately owned.  
All six riders rode each horse. The measurements were performed in an indoor arena (100x20 
m). Part of the arena (60x20 m) was used for warming up the horses. After seven minutes of 
warm up, the riders completed a dressage program that consisted of riding in sitting trot on 
left and right small circles respectively and then to finish the program straight on the centre 
line.  
3.1.2 Sensor  
To capture the data for kinematic analysis, inertial measurement unit (IMU) x-IMU was used. 
These sensors were developed by x-io Technologies Limited, a United Kingdom based 
company that specializes in embedded sensing solutions. X-IMU inertial measurement 
sensors measure 6DoF (Freedom of movement of a rigid body in three-dimensional space) 
each sensor is composed of a triple axis 16-bit gyroscope, a triple axis 12-bit accelerometer 
and a triple axis 12-bit magnetometer. On board IMU and AHRS (Attitude Heading 
Reference System) algorithms provide real-time measurement of orientation relative to the 
Earth. As the kinematic analysis was based on electrogoniometric approach, an accurate 
measurement of the pitch and roll components of an orientation was required and IMU was 
used in IMU mode, which uses only the gyroscope and accelerometer. This made possible the 
tracking of rotational and translational movements and 3D orientation of motion with 
accuracy of 0.6° - 0.8°. 
The connectivity of the x-IMU sensors is enabled by USB and Bluetooth – Class 1, with 
secure simple pairing (SPP) and 100 m range. However, data are also stored on Micro SD and 
SDHC memory cards. There is also an auxiliary port which can be configured in UART 
(universal asynchronous receiver/transmitter) mode. For communication with the sensor 
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(through Bluetooth) software supplied by developer, the x-IMU GUI, was used. The x-IMU 
GUI can be used to configure settings, view real-time sensor data, perform calibration and 
export data to user software. The incoming real time data were logged to a file using data 
logger tab on x-IMU, which allows user to input and create the first part of the file name. 
These files can be than imported in user software such as Microsoft Excel or as in our case 
Matlab.   
3.1.3 Programs 
For the study of thesis different programs were used. Matlab was used to process the acquired 
data, SAS/STAT 9.4 was used for statistical analysis, and Microsoft Excel for creating graph 
and tables. 
3.2 METHODS 
3.2.1 Data acquisition  
All seven sensors (four for the riders and three for the horse) that were used in the study were 
set to collect data at 256 Hz. Four sensors were placed on each rider: on the top of the helmet, 
between the shoulder blades, on the left hip and on the right hip. The coordinate system of 
each sensor, which were positioned the same on every rider, was calibrated differently. Data 
from sensors located at the hips were used in this study. On the left hip (LH) the sensor was 
calibrated in such way that the X-axis was horizontal and positive in the horse’s direction of 
motion, the Y-axis was vertical and positive downwards and the Z-axis was horizontal and 
positive to the left. On the right hip (RH) the X-axis was also horizontal and positive in the 
horse’s direction of motion, the Y-axis was vertical and positive upwards and the Z-axis was 
horizontal and positive to the right.  
Sensors were calibrated (zero adjusted) for each rider individually using commands and 
algorithms recommended by x-IMU user Manual. For calibration of each rider sensor, a 
stance chair was used. The stance chair was constructed by research team to standardize 
riding stance for calibrations of the sensors. The construction of the stance chair allows the 
rider to assume a symmetric position. After the sensors were placed, the rider took a position 
on the stance chair and kept it for five seconds, while the sensors were calibrated while 
registering data, also allowing the event to be identified from the data. The x-IMU is featured 
with fusion algorithms for computing measurement of orientation relative to the Earth, using 
on board sensors. This sensor fusion algorithm has a numerous associated commands. The 
algorithm tare command was used to save current orientation data, to set algorithm datum 
orientation and store the reference quaternion to the tare quaternion registers. A tare 
quaternion registers represent non-volatile memory and so will remain in effect even if the 
device is reset.  To clear the memory and cancel this operation a clear tare command will have 
to be used. Commands were communicated to x-IMU by sending a command packet from the 
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laptop computer using USB port. The x-IMU GUI software command tab page was used to 
input the command code (0x000E).  
Before starting three sensors were attached on the horse: on the poll (the top of the head 
between the ears), the L3 lumbar vertebrae (right behind saddle) and on the S1 sacrum 
vertebrae (the top of backside). All the horse sensors were oriented in such a way that the X-
axis was horizontal and positive in the horse’s direction of motion, the Y-axis was horizontal 
and positive to the left and the Z-axis was vertical and positive upwards. 
Beside the sensor data acquisition every test ride was captured on video using ordinary video 
camera (25 Hz). The camera was positioned in the middle of short side of riding square. 
3.2.2 Data processing and analysis   
This study is a part of a larger project with kinematic measurement of whole dressage 
program ridden by 10 riders on 10 horses. Only part of the data which was used in present 
study was the data from sensors placed on rider's left and right hip (LH, RH). To extract the 
data of interest, it was necessary to identify those parts of the raw data that were recorded 
during the three specific dressage elements: the left small circle (LSC), the right small circle 
(RSC) and straight trot (STR). 
Using the time from the video recordings it was possible to approximately determine when 
the dressage elements took place for each of the rider horse combinations. The start point of 
individual dressage element was determined by marking the exact time when the rider's body 
has passed certain point marked in the arena. This was possible because the camera position 
did not change and the riders were riding on exactly the same path.  
The time points of the beginning and the end of the individual dressage element were then 
manually synchronized with the time data which were also recorded by sensors. In this way it 
was possible to very accurately separate the data recorded during the dressage elements of 
interest, from the rest of the raw data. This was performed for each horse-rider combination.  
The synchronized data (acceleration and time) were then used to calculate the distances by 
first integrating the acceleration, converting it to velocity and then further integration into 
distance, after high-pass filtering (using Butterworth filters of order 1 and cut-offs between 
0.2 and 0.5). Another Matlab program, written for this specific purpose, was used to identify 
strides (right fore and left hind leg diagonal) from the acceleration data (using same 
Butterworth filters of order 4 and cut offs 1). In each horse- rider combination, ten usable 
strides were selected and were normalized to the same length of 101 time points, which 
represented percentage of the stride Fig. 6. The program then averaged over all strides. Using 
this average stride data, the range of motion for riders’ hips was calculated.  
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Fig. 6: Example of vertical hip movement during horses stride 
From difference between maximal and minimal distance, measured in mm on Y-axis, a range 
of motion (ROM) was calculated. ROM was analysed by statistical package SAS 9.4/STAT 
Mixed procedure was used for analysis of variance and Bonferroni multiple comparison test 
for difference between least square means (LSQ) expect for the SP, for which t-test was used. 
Significant level was set to <0.05. ROM was analysed using statistical model (M1) which 
described dressage element-DE (LSC, RSC and STR) and sensor position-SP (left hip/right 
hip) and the interactions between DE & SP as fixed effect and rider (R) and horse (H) as 
random effect. In statistical analysis 330 observations, out of 360, was used (Table 1). Data 
was lost, due to technical problems during initial gathering of the data. After examination of 
data it was decided that second model (M2) were to be used to examine interaction between 
horse and rider. Model which described dressage element-DE (LSC, RSC and STR) and 
sensor position-SP (left hip/right hip) and the interactions between DE & SP as fixed effect. 
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Table 1: Number of observations for each horse and rider combination 
LH - left hip;RH- right hip are sensor position (SP), LSC- left small circle; RSC- right small circle; STRT- 
straight are dressage elements (DE)  
    LH     RH   N     LH     RH   N 
Horses LSC RSC STRT LSC RSC STRT   Riders LSC RSC STRT LSC RSC STRT   
H1 5 5 5 6 6 6 33 R1 7 7 7 10 10 10 51 
H2 6 6 6 6 6 6 36 R2 10 10 10 10 10 10 60 
H3 5 5 5 6 6 6 33 R3 9 9 9 9 9 9 54 
H4 5 5 5 6 6 6 33 R4 7 7 7 9 9 9 48 
H5 6 6 6 6 6 6 36 R5 10 10 10 10 10 10 60 
H6 6 6 6 6 6 6 36 R6 9 9 9 10 10 10 57 
H7 6 6 6 6 6 6 36  SUM 52 52 52 58 58 58 330 
H8 5 5 5 6 6 6 33                 
H9 3 3 3 4 4 4 21                 
H10 5 5 5 6 6 6 33                 
SUM 52 52 52 58 58 58 330           
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4 RESULTS  
The hips of the riders performing three different dressage elements, riding sitting trot, moved 
vertically (ROM) in average 141.5 ± 18.2 mm.  
4.1 DESCRIPTIVE STATISTIC  
4.1.1 Sensor and positions 
Average ROM when riders were riding on the left small circle (LSC) was 139.6 ± 16.45 mm. 
When the riders were riding on the right small circle (RSC) average ROM was 143.2 ± 19.4 
mm and with the riders riding in a straight line (STRT) 141.72 ± 18.6mm. Depending on the 
position of the sensor the average ROM for left hip 143.1 ± 18.2 mm and for was right hip 
140.1 ± 18.3 mm  
 
Fig. 7: Average ROM for different sensor position. ROM: range of motion, RH: right hip and LH : left hip (Box 
plot; Blue box: first(bottom) and third(top) quartiles, Yellow dot: mean, red line: median, whisker: max and min 
value)  
 
Fig. 8: Average ROM for different dressage elements. ROM: range of motion, LSC: left small circle, RSC: right 
small circle and STRT: straight (Box plot; Blue box: first(bottom) and third(top) quartiles, Yellow dot: mean, red 
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4.1.2 Horses and riders 
Average ROM for all riders is 141.2 ± 16.5 mm and for all horses is 141.9 ± 12.3 mm. Visual 
ROM for each rider and horse are presented in  Fig. 7, Fig. 8 and Table 2. 
 
 
Fig. 9: Average ROM for different riders. ROM: range of motion. R1, R2… are rider designations (Box plot; 






Fig. 10: Average ROM for different horses. ROM: range of motion. H1,H2… are designations of the horses. 
(Box plot; Blue box: first(bottom) and third(top) quartiles, Yellow dot: mean, red line: median, whisker: max 
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Table 2: Descriptive statistic for rider and the horse 
Horses Mean ROM 
(mm) 
SD (mm) Riders Mean ROM 
(mm) 
SD (mm) 
H1 160.9 12.9 R1 143.3 16.8 
H2 150.1 13.0 R2 133.5 17.5 
H3 145.9 18.2 R3 139.9 17.5 
H4 135.8 12.9 R4 130.0 14.0 
H5 130.1 9.9 R5 151.7 16.6 
H6 148.5 7.7 R6 148.9 16.5 
H7 147.1 11.8 
   H8 135.7 11.9 
   H9 153.7 16.8 
   H10 111.1 8.1 
   ROM- Range of motion 
4.2 VARIANCE ANALYSIS 
The analyses of variance differ between the two models. The M1 without interaction between 
random effects explained 71.9 % of its variables while with M2, interaction between random 
effects, explains 80.7% (Table 4). 




DE 0.75 0.78 
SP 0.53 0.33 
DE*SP 1.46 1.50 
R 16.12 16.49 
H 53.05 51.93 
R*H / 9.65 
Residual 28.09 19.32 
 
100 100 
M1 - model 1; M2 - model 2; DE - dressage element; SP - sensor position; R - rider; H – horse; * - interaction 
4.2.1 Sensors position and dressage element 
In M1 all fixed effects together explain 2.74 % of ROM variability in which DE effect 
explained 0.75 %, SP 0.53 % and interaction between them 1.46 %. In M2 fixed effects 
together explain less variability 2.61 % off which DE effect explained a 0.78 %, SP 0.33 % 
and interaction between them 1.50 % (Table 3). All fixed effects in both models were 
statistical significant (Table 4). 
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Table 4: Variance analysis table for ROM (Range of motion)  
Effect Num DF F Value Pr > F 
  
M1  M2 M1 M2 M1 M2 
DE 2 2 4.15 5.35 0.0167 0.0052 
SP 1 1 5.89 5.81 0.0158 0.0166 
SP.*DE 2 2 8.04 10.38 0.0004 0.00004 
M1 -model 1; M2 – model 2; DE - dressage element; SP - sensor position; * - interaction 
 
In DE the difference in LSQ between LSC and RSC, was for M1: 3.7±1.3 mm and for M2:  
3.7±1.2 mm. The difference was significant for both models (M1: p=0.0013, M2: p=0.0046). 
All other combinations in DE were not significant. 
 In SP the difference between LH and RH was for M1: 2.6±1.1 mm and for M2: 2.3±0.9 mm. 
The difference was significant for both models (M1: p=0.0158, M2: p=0.0166).  
There are several significant differences that are present in both models when evaluating the 
interactions between the two fixed effects. The difference between LH in LSC, and LH in 
RSC was for M1: 7.7±1.7 mm and for M2:7.7±1.9 mm (M1: p=0.0001, M2: p=0.0001). 
Difference between LH on LSC and STRT was for M1: 7.4±1.7 mm and for M2: 7.4±1.9 mm 
(M1: p=0.0002, M2: p=0.0002). Difference between LH in RSC and RH in STRT, was for 
M1: 7.1±1.3 mm and for M2: 6.8±1.2 mm (M1: p=0.0001 M2: p=0.0002). The difference 
between LH and RH in STRT, was for M1: 6.7±1.6 mm and for M2: 6.4±1.9 mm (M1: 
p=0.0022, M2: p=0.0004). There were no significant differences between other  combinations 
in either model. 
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Fig. 11: The LSQ and standard errors of ROM (range of motion) of the fixed affects for M2 (model 2). Red is 
DE (dressage element) (LSC (left small circle), RSC (right small circle), STRT (straight)), green is SP(sensor 
position) (LH (left hip), RH (right hip)) and blue (LSC*LH…STRT*RH) is interaction between them 
 
4.2.2 Horses and riders 
The greatest part of ROM variability was explained by rider and horse described as random 
effects in statistical model. In M1 more than a half of the variability 53.05% could be 
attributed to the influence of the horse and 16.12% to the influence of the rider. In M2 where 
interaction between random effects was studied, the explained variability of ROM slightly 
changed. Horses in M2 explained 51.93% of ROM variability, rider 16.49% and interaction 
between them (R*H) 9.65%. 
 
 
Fig. 12: Estimated values of ROM (range of motion) with standard errors for random affects. Red are riders (R1, 
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The greatest estimated differences are seen between horses, Fig. 12. In both models there are 
horses and riders, whose estimated ROM values were significantly different from the 
expected value. For horses: H1 with 18.3±4.6 mm (M1, M2: p<0.05), H10 29.8±4.6 mm (M1, 
M2: p<0.05) and H5 11.3±4.6 mm (M1: p=0.026, M2: p=0.014).   
For riders: R2 with 7.9±3.4 mm (M1: p=0.021, M2: p=0.042), R4 with 9.2±3.4 mm (M1: 
p=0.007, M2: p=0.018) and R5 with 9.8±3.4 mm (M1: p=0.004, M2: p=0.008). Only R6 who 
estimated ROM value is significantly different in M1 (6.9±3.4 mm: p=0.043) is not 
significantly different in M2 (6.9±3.4 mm: p=0.059). 
In M2, the interaction between horse and riders showed three combinations that were 
significantly different from expected value in estimated ROM value. R2*H2 (9.6±3.6 mm: 
p=0.008), R3*H1 (9.2±3.6 mm: p=0.012) and R3*H3 (10.3±3.6 mm: p=0.005). All other 
combinations of R*H were not significant. 
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5 DISCUSSION 
In this study the interactions between the rider and the horse were analysed using the 
difference between maximal and minimal vertical displacement (ROM) measured by an 
inertial sensor attached to the riders hip. As all riders rode all horse, the differences in average 
ROM could be attributed to both the differences in the movements of the horse and to the 
riding technique of the rider. All riders and all horses performed the same dressage elements, 
so the influences of random effects (riders and horses) were the same for all three elements 
left small circle, right small circle and straight ride.  The same is true when comparing the 
measurement on the left and right hip.  
Dressage elements and sensor positions did not exert much influence on the variability of the 
ROM.  As was shown by type III analysis of variance only 2,74% of ROM variability can be 
attributed to the fixed elements in model 1 and 2,61% in model 2. Dressage elements 
contributed to 0,75% (model 1) and 0,78% (model 2). All fixed effects were statistically 
significant.  
Comparing least squares means (LSM) for dressage elements showed significant difference 
between left small circle  and right small circle (M1: p=0.0013, M2: p=0.0040). There is also 
significant difference of least squares means between sensor positions on left hip and right hip 
(M1: p=0.0158, M2: p=0.0166). The difference of least squares means for the left small circle 
compared with the right small circle measured on the left hip is also significant (p<0.0001), as 
is the difference between left small circle and straight riding (p<0,0003). Two other 
significant differences are between least squares means for the values measured on the left 
and the right hip during straight riding (p< 0,0008) and between least squares means for the 
values measured on the left hip during the right small circle and straight riding measured on 
the right hip (p< 0,002).  
This could be explained by rider’s dynamic asymmetry during the left and the right small 
circle ridding. When riding in the left small circle, the riders probably tend to lean to left 
reducing vertical movement of the left hip. The same is probably true for the right hip. 
The trot is classified as a symmetric gait with a two beat rhythm. Horse moves its limbs in 
diagonal pairs. Each diagonal footfall is followed by suspension phase and contra lateral 
diagonal footfall. The speed is increasing from collected trot (3.2 ± 0.23 m/s) to the extended 
trot (5.9 ± 0.14 m/s). As the speed increases, the stride length and stride duration are getting 
shorter (Clayton 1994b). It seems that hind hoof impact and lift-off happens before the fore 
hoof in 85% of the horses. In 15% of the strides there is a period of hind limb or fore limb 
single support present, which is termed lateral preference or "leggedness" (Deuel and Park 
1990). This could introduce certain asymmetry in the movement of the horse which can at 
least in part explain differences observed in present study. Trot asymmetry was observed in 
horses after endurance race which was attributed to fatigue or non-discovered lameness 
(Muñoz et al. 2006). To quantify the prevalence of movement asymmetry vertical head and 
pelvic movement symmetry was measured in 220 sound Warmblood riding horses, while 
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trotting in straight line. The asymmetry was observed in 159 (72%) of the horses which were 
perceived sound by their owners (Rhodin et al. 2015). In one of the studies 8 Standard breed 
race horses were measured with a GPS-enhanced inertial sensor located at the tuber sacral 
during trotted around an oval racetrack at a range of speeds and in both directions. All horses 
displayed a right hind limb asymmetry which was more pronounced during trotting in a circle 
(Kirk et al. 2013). 
Riding the sitting trot, most advanced professional riders will keep their body in upright 
position. The absolute angle for the trunk is approximately 90°, according to the ground, and 
this does not change much from mid stance to mid swing. The relative average (for mid 
stance and mid swing) angle is increasing from the beginner's 128° to advance rider's 140° 
(Schils et al. 1993). The impact of diagonal limb pairs is producing significant changes in 
rider's position, even with the more advanced riders, generating range of motion of 4.1° for 
absolute trunk angle and 7.3° for absolute thigh angle (Lovett et al. 2005). The rider's pelvis 
not only pitches forward (cranially) but also roll and yaw away from the supporting limb. At 
the mid stance pelvis pitch and roll change direction with the yaw lagging behind. From mid 
stance to the beginning of the next stance pelvis pitch is in opposite direction and rotation in 
roll becomes more individual. Even in advanced riders individual variations in position can be 
caused by variations in yaw and roll of the riders pelvis (Byström et al. 2009) and this would 
explain some of the differences we have observed. 
Rider asymmetry was found in the study which has included 17 female riders riding their 
horses at different gaits. All riders exhibited left axial rotation and greater range of motion in 
right shoulder in all gaits (including sitting trot) except in a right canter. The cause of this 
could be the leg length inequality of riders, which was observed in this study (0.3 ± 0.1mm). 
Anatomical  and functional asymmetries of the horse could also be implicated (Symes & Ellis 
2009).  In another study hip external rotation asymmetry was observed with 83% of the riders 
shoving greater rotation to the right (Gandy et al. 2014). 
In the present study, pelvic ROM for individual riders ranged from 130 mm to 150 mm and 
for individual horse from 111 mm to 161 mm. This large variability is reflecting influences of 
both, rider and horse. All riders included in present study were professional riders, but even in 
professional riders there are differences in riding technique and ability to absorb horse 
motion. The riders had ridden all ten horses included in this study and it is apparent that even 
with the same horse, which moves in same way, large differences in ROM were observed. 
Type III analysis of variance is showing that almost 80% of the explained data variability can 
be attributed to the effects of the rider and the horse. More than a half of the variability 
53.05% could be attributed to the influence of the horse and 16.12% to the influence of the 
rider, if we do not consider interaction between horse and rider as in model 1. In model 2 
where interaction between random effects was studied, the explained variability of ROM 
slightly changed. The horses in model 2 explained 51.93% of ROM variability, the rider 
16.49% and the interaction between them (R*H) 9.65%.  
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 Sitting trot is producing a large vertical movement, which is most obviously seen at the top of 
the riders head. The significant difference in dispersion value of acceleration between 
beginner and advanced rider (9.27 m/s
2
  vs. 4.54 m/s
2
, p=0.05) has been explained by the 
difference in muscle activation (m. erector spinae, m. rectus abdominis and m. 
adduccorfemoris) which enables the advanced rider to adapt to the movement of the horse 
(Terada 2000). Other muscles also contribute, for example at the beginning of the stance the 
trapezius group, middle deltoid and m.flexor carpi radialis stabilizes the rider's neck, scapula 
and wrist during the impact. Rectus abdominis is activated during the mid stance to stabilize 
the rider's trunk and rotate his pelvis forward and upward enabling the rider to follow upward 
movement of the horse (Terada et al. 2004).  Most experienced riders absorb and adapt to 
horse upward movement and keep the distance between wrist and bit constant (Terada et al. 
2006).  
There could be quite a large difference in amplitude of vertical movements of loins and croup 
in the horses. Loins of Thoroughbred horses move 34.8 ± 6.8 mm compared to 28.3 ± 4.7mm 
in Hokkaido native horses. Croup of  Thoroughbred horses moves 34.4 ± 7.2 mm compared to 
28.8 ± 7.8 mm in Hokkaido native horses (Matsuura et al. 2003). Maximal overall force 
measured at the sitting trot reached 2112 N with the impulse force of 608 Ns ± 145, which 
makes sitting trot rather unstable  and for the horse’s back the most stressful riding technique 
according to Peham et al. (2010).  The vertical pelvis movement differs between riders even 
when they are riding the same horse, furthermore pelvic movement of the horse differs with 
different riders (Terada et al. 2006). Advanced rider horse system has more consistent motion 
pattern than the beginner, which is evidenced by the lower average deviation of length vector 
(Peham et al. 2001). The coefficient of multiple correlation for the rider’s pelvis and the 
horse’s sternum have shown to differ in different riders despite the effort of the rider to 
harmonize his movements with the movement of the horse (Münz et al. 2013).  Maximal and 
minimal anterior posterior rotation in beginners is significantly larger then in professional 
rider (19.2 ± 7.6 vs. 9.6 ± 9.9 and 5.7 ± 7.4 vs. -5.2 ± 11.6)  which means that professional 
riders tilt their pelvis more forward which enables them to follow the horse much easier 
(Münz et al. 2014). 
Some of the horses and some of the riders showed significantly large deviation from the 
average, but only three horse - rider combinations (R2:H2, R3:H1 and R3:H3) out of 60 
showed statistically significant difference. Only the rider R2 and horse H1 showed significant 
deviation on their own. It is difficult to make any conclusion about the reasons for these 
deviations and also about their relevance. The riding technique could contribute to this result, 
but the riders were all quite experienced, variability attributed to the riders is much lower than 
variability attributed to the horses. Also riders R2 and R3 are not the riders with the largest 
deviations. So it is much easier to explain this result with effects attributed to the horses.  
Predicting the horse performing ability in different task was topic of interest since the 
beginning of the horse breeding. Most of the researchers looked for the clues at the horse 
conformation, and not many studies tried to connect dynamic variables to the 
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performance(Weeren & Crevier-Denoix 2006). More than twenty years ago a significant 
relationship between stride characteristics and performance ability was shown in study on 
French trotters. High performance group had much greater maximum speed, stride frequency 
and stride length than the other groups (p=0.05). There was a positive correlation (r=0.60 and 
0.45, p=0.05) between maximum speed, stride length and performance index (Barrey et al. 
1995). Evaluation of the horses during endurance racing was limited on discovering 
movement asymmetry and lameness using an index based on stride duration. This stride 
duration based index was not able to differentiate good performers (Muñoz et al. 2006). 
Change in jockey position at the turn of the 20
th
 century improved race times for 5 to 7 %. We 
do not know if this is due to larger vertical displacement or just lower energy expenditure, 
because the horse does not need to accelerate the jockey vertically (Pfau et al. 2009). In 
dressage horse – rider harmony is very important and assessing this by changes in the length 
vector, in the phase space, it was shown that professional rider – horse system has more 
consistent movement pattern (Peham et al. 2001). Head and neck position of the horse effect 
the horse behaviour and performance in dressage event.  Behavioural conflicts are more 
frequent if the nose plane of the horse is behind the vertical which usually results in lower 
performance (Kienapfel et al. 2014).   
It is not possible to conclude that larger deviation from average could mark better or worse 
performance. These larger deviations could probably be attributed to horse traits and horse 
specific gait. But we can also attribute them to a lower horse – rider harmony and behavioural 
conflicts with the specific rider. The important advantage of this study is the fact that every 
rider was able to ride every horse, which enabled us to study bidirectional influence, which is 
not possible when only one rider or one horse were studied. On the other hand, the weakness 
of this study was the use of only one variable. The influence of riding technique, dressage 
element and sensor position could be more obvious if we would also study motion in other 
directions.  
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6 CONCLUSION 
Vertical displacement measured on the rider’s hip depends on dressage element performed. 
Riding in the left circle, the riders are lowering left shoulder and tilting head to the left 
(leaning), which probably caused larger oscillations on the right hip. Opposite is true when 
rider is riding in right circle. Differences observed while riding in a straight line could be 
caused by rider or horse asymmetry, or some other unidentified effects. 
In the present study every rider had ridden every horse which has generated 60 horse-rider 
combinations and a large variability in range of motion, which gave us a unique opportunity 
to define which individual element in a horse - rider combination exerts larger influence. It 
can be concluded that horses exert greater influence on variability than the rider. The rider can 
adapt to the movement of the horse but cannot reduce completely the translation of the 
movement and transfer of the forces generated by the horse. 
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7 SUMMARY 
A large number of studies described the influence of the rider on the horse movement, 
comparing especially experienced and non experienced rider. The present study is part of a 
larger study, in which 6 riders were included, each of them riding all 10 horses. So the data 
were collected for 60 horse-rider combinations. The aim of the study was to show the 
existence of bidirectional influence between horse and the rider, using one simple variable. 
The variable chosen was the range of motion in vertical direction.   
The study was conducted in December 2013 in Denmark. Six Danish riders have taken part in 
the study. All riders were professional dressage riders, competing regularly in dressage 
competitions. All riders were riding all horses. Data included in our study were collected 
observing 60 rider-horse combinations. The measurements were performed in an indoor arena 
with dimensions 100m x 20m. After warm up, each rider has ridden on every horse same 
three dressage exercises in sitting trot, riding straight forward, left small circle and right small 
circle. For capturing the data inertial measurement unit (X-IMU) developed by X-IO 
Technologies Limited was used. The sensors were set to gather data at 256 Hz. For each rider 
the sensors were calibrated using stance chair, which enables the rider to assume adequate 
position. Four sensors were placed on each rider: on the top of the helmet, between the 
shoulder blades, on the left hip and on the right hip. In our study the data from sensors 
attached to left and right hip were used. Each rider was captured on video using ordinary 
video camera [25 Hz), which was positioned in the middle of short side of the riding 
rectangle. In our study we used only data from the sensors positioned on the right and left hip 
captured during the dressage exercises. Synchronization of raw data with the time data on the 
video recordings enabled us to identify the data captured during individual dressage exercises.  
Using special Matlab program, speed and distance were calculated from raw data 
(acceleration and time). Another Matlab program was used to identify and normalize strides 
and to calculate average values using distance data. From average values for each of 60 horse-
rider combinations range of motion (ROM) as a difference between maximal and minimal 
vertical distance was calculated. To analyse the data the program SAS 9.4- Statistical 
Analyzes System was used. Type III mixed procedure was used for analysis of variance and 
Bonferroni multiple comparison test for difference between least square means (LSQ) expect 
for the SP, for which t-test was used. Significant level was set to <0.05. ROM was analysed 
using statistical model (M1) which described dressage element-DE (LSC, RSC and STR) and 
sensor position-SP (left hip/right hip) and the interactions between DE & SP as fixed effect 
and rider (R) and horse (H) as random effect. After examination of data it was decided that 
second model (M2) were to be used to examine interaction between horse and rider. Model 
which described dressage element-DE (LSC, RSC and STR) and sensor position-SP (left 
hip/right hip) and the interactions between DE & SP as fixed effect. Random effects were 
rider (R) and horse (H) and the interactions between them (R*H). 
Average ROM for the sensors attached to the rider’s hip was 141.5 ± 18.2 mm. Average ROM 
when riders were riding left small circle (LSC) was 139.6 ± 16.5 mm. With the riders riding 
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right small circle (RSC) average ROM was 143.2 ± 19.4 mm and with the riders riding in a 
straight line (STRT) 141.7 ± 18.6 mm. There was a small but statistically significant 
difference in ROM between left hip (143.1 ± 18.2 mm) and right hip (140.1 ± 18.1 mm). 
Analysis of the variance of both models indicated that there is a significant influence of 
dressage elements (M1: p=0.0167, M2: p=0.0052) and sensor position (M1: p=0.0158, M2: 
p=0.0166) on data variability. The differences of least square means within fixed effects were 
significant in both models only between LSC and RSC (M1: p=0.0013, M2: p=0.0046). The 
difference of least square means for sensor position was also significant in both models (M1: 
p=0.0158, M2: p=0.0166). Average ROM for individual riders and horses vary much more. 
This can be explained by combined influence of random effects (rider, horse) and their 
interaction. More than half of the variability could be attributed to the influence of the horse 
(51.9 %), 16.5% to the influence of the rider and only 9.7% to their interaction.  In this study 
the interactions between the rider and the horse were analysed observing ROM of the inertial 
sensor attached to the rider’s hip. As each rider had ridden each horse, the differences in 
average ROM could be attributed to both, the differences in the movements of the horse and 
to the riding technique of the rider. The influences of the dressage elements and sensor 
position was the same for all combinations, as all riders and all horses performed the same 
dressage elements and the sensors were attached always at the same position. Riding 
individual dressage exercise the rider assumes slightly different position during the left and 
during the right small circle. So the mean ROM during left small circle is lower on left hip 
and during right small circle on the right hip. When riding in the left or right small circle, the 
riders probably tend to lean to the direction of the turn, reducing vertical movement on that 
hip. The same is probably through for the right hip. The difference between left and right side 
during the straight line riding could not be explained by available data.  
The trot is classified as a symmetric gait with the two beat rhythm. Horse moves its limbs in 
diagonal pairs. Each diagonal footfall is followed by suspension phase and contralateral 
diagonal footfall. As the speed increases, the stride length and stride duration are getting 
shorter. In 85% of the horses hind hoof impact and lift-off happens before the fore hoof. This 
could introduce certain asymmetry in the movement of the horse. Asymmetry was ascribed to 
fatigue and non-discovered lameness. In one of the studies asymmetry was observed in 72% 
of the horses, which were perceived sound by their owners. In another study all horses 
displayed a right hind limb asymmetry, which was more pronounced during trotting in a 
circle. While riding, especially in the sitting trot, horse movements are transferred to the rider.  
Forces generated during the impact of diagonal limb pairs are also transferred to the rider. 
Even professional riders cannot prevent movement of the pelvis, which pitch, forward 
(cranially) and also roll and yaw away from the supporting limb. Movement asymmetry was 
observed with the riders too. In one of the studies all riders exhibited left axial rotation and 
greater range of motion in right shoulder. The cause of this could be the leg length inequality, 
which was observed in this study. Using electromyography, it was shown that professional 
riders with timely activation of their muscles, adapt better to the horse movement.   
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In the present study ROM for individual riders ranged from 130 mm to 150 mm and for 
individual horse form 111 mm to 161 mm. Even through all the riders included in the present 
study were professional riders, they have different riding techniques, which we can see if we 
compare ROM for individual rider on the same horse. Even larger differences can be observed 
if we compare ROM for individual horses ridden by the same rider. Much larger estimated 
covariance imply just that the horses have much larger influence on ROM variability. 
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8 POVZETEK 
Medsebojni vpliv konja in jahača je nadvse pomemben še posebej pri konjeniškem športu. Pri 
dresurnem jahanju premike konja in jahača še posebej pozorno opazujejo in ocenjujejo. Hojo 
in držo konja opredeljujejo kot » kompleksno, natančno usklajeno, ritmično in samodejno 
gibanje okončin in celotnega telesa živali, ki privede do postopnega premikanja« (Barrey, 
2013). Vrste hoje razvrščajo na različne načine, najpogosteje glede na simetričnost hoje. Pri 
simetričnih hojah se sprednje in zadnje okončine, tako levi kot na desni tal dotikajo v enakih 
časovnih presledkih. Med simetrične hoje uvrščamo hod in kas ter nekatere manj pogoste 
izpeljanke, značilne samo za posamezne pasme (running walk, rack, toelt, fox trot, paso in 
stepping pace.) Pri asimetričnih hojah se sprednja in zadnja okončina dotikata tal v hitrem 
zaporedju, dvotaktno ali tri-taktno. Sem se uvrščata počasni galop (canter), transverzalni in 
krožni galop (Barrey, 2013). 
Mnoge vrste, tudi konji, kažejo določeno stopnjo lateralizacije. Opisujejo senzorično in 
motorično lateralizacijo, ki naj bi bila odvisna od anatomskih in od hormonski razlik med 
živalmi (Rogers, 2009). Opazili so, da na paši 40 % konj, pomakne naprej levo sprednjo 
okončino, 10 % pa desno (McGreevy and Rogers, 2005). Na smer lateralizacije vpliva spol. 
Žrebci se odzivajo z desno stranjo, kobile pa z levo. Vezanost na spol pomeni, da je 
lateralizacija vsaj delno pogojena z dedovanjem (Murphy et al., 2005) Pri opazovanju 
položaja  sprednje okončine med pašo, so ugotovili da Polnokrvni konji in Ameriški kasači 
dajejo prednost levi okončini, za razliko od Quarter konj, pri katerih ni opaženo, da bi kakšni 
od okončin dajali prednost (McGreevy and Thomson, 2006). Pri galopu večina konj, daje 
prednost koraku z desno vodilno okončino. Pri Arabcih in pri Quarter konjih so to opazili v 
90% primerov (Williams and Norris, 2007). Pri konjih, ki med pašo vedno potisnejo isto nogo 
naprej, so opazili ne enako obrabljena kopita, kar lahko prispeva lateraliziaciji med kasom in 
galopom (van Heel et al., 2010).  Lateralizacija vpliva na gibanje konja, kar se vidi, ko konj 
poskuša teči v krogu. Lateralizacija postaja s starostjo bolj izražena (Lucidi et al., 2013). Bolj 
izraženi lateralizaciji prispeva tudi stres (Siniscalchi et al., 2014).   
Številne raziskave so pokazale, da je pravilna drža jahača odvisna predvsem od znanja in 
izkušenosti jahača. Izkušeni jahači imajo bolj pokončno držo, noge potegnejo pod sebe, roke 
pa držijo nekoliko pred seboj. To je ugotovljeno z analizo absolutnih in relativnih kotov, v 
rami, kolku in kolenu (Schils et al., 1993). 
Novinci imajo težave z vzdrževanjem ravnotežja pri premikanju konja. Za zaznavanje 
uporaba mišic in mišičnih skupin so, v študijah uporabljali EMG. Tako so z uporabo 
površinskih elektrod nalepljenih nad želeno mišično skupino ugotovili, da je razporeditev 
pogostnosti krčenja  m.erector spinae in m.rectus abdominis, pri izkušenih jahačih skoraj 
enaka, za razliko od novincev kjer kaže statistično značilne razlike. Za razliko od izkušenih 
jahačev, novinci pogosteje uporabljajo m. adductor magnus, in s tem poskušajo kompenzirati 
nestabilnost, ki povzročijo različne oblike hoje pri konju. Nestabilnost sta najbolj povzročala 
navaden hod in kas (Terada, 2000). 
Vlahović M. Hips movement of rider during sitting trot.   41 
   M. Sc. Thesis. Ljubljana, University of Ljubljana, Biotechnical Faculty, Department of Animal Science, 2017 
 
Jahač mora stabilizirati zgornji del telesa, da prepreči sesedanje, v trenutku, ko okončine 
konja pridejo v stik s podlago in hitro upočasnijo, saj se takrat razvijejo velike udarne sile. 
Stabilizacijo jahači dosežejo z uporabo istih mišičnih skupin in v podobnih časovnih 
intervalih, kar pomeni, da vsi jahači bolj ali manj uspešno sinhronizirajo svoje gibe z gibi 
konja. Da bi lahko sledil gibanju konja v med-fazi, ko se smer gibanja spremeni in se konj 
začne dvigovati, mora jahač medenico, z uporabo m. rectus abdominis nagniti naprej (Terada 
et al., 2004). 
Jahanje se lahko primerja s harmoničnim gibanjem, podobnem nihalu, ki niha z lastno 
frekvenco. Za analizo dolžine vektorja, z diagramom fazne ravnine, so ocenjevali stabilnost 
gibanja sistema konj-jahač. Manj kot se je spreminjala dolžina vektorja bolj stabilno je bilo 
gibanje. Variacije v fazni ravnini so bile pri poklicnih jahačih statistično značilno manjše, kar 
pomeni, da je harmoničnost gibanj pri poklicnih jahačih boljša (Peham et al., 2001). 
Pri jahanju se jahač in konj obnašata kot povezan dinamičen sistem, ki se periodično giblje. 
Glava in hrbet konja ter celotno telo jahača se gibljejo v redih oscilacijah vzdolž navpične osi. 
Dvigovanje in spuščanje konja se prenaša na jahača in jahač se mora nenehno prilagajati temu 
gibanju. Koordinacijo med konjem in jahačem so v študiji predstavili s faznim zamikom. 
Izračunali so povprečje in standardno deviacijo za fazni zamik med gibanjem oznake na križu 
konja in gibanjem oznake na jahaču in pokazali, da je fazni zamik veliko večji pri novincih 
kot pri poklicnih jahačih. Razlika je bila statistično značilna (Lagarde et al., 2005). Poleg 
izkušenj na gibanje jahača lahko vplivajo različne vrst hoje in tudi različne pasme konj 
(Matsuura et al., 2003). 
Položaj jahača se spreminja v različnih točkah ciklusa konjskega koraka. Z analizo video 
posnetkov so izmerili kote med trupom, stegnom in golenjo ter vodoravno črto med hodom, 
vstajajočim kasom in galopom. Ugotovili so, da se pri hodu, ko posamezne okončine trčijo ob 
tla, povprečni koti med trupom in horizontalo statistično značilno razlikujejo. Enako so 
ugotovili pri kasu, ob trku diagonalni parov okončin. Samo pri galopu niso ugotovili 
statistično značilnih razlik. Ko konj hodi je trup jahača  pri trku zadnjih okončin nekoliko za 
navpičnico, pri trku sprednjih okončin pa nekoliko pred navpičnico. Pri vstajajočem kasu je 
trup med celotnim ciklusom koraka pred navpičnico. Opažene razlike odsevajo razlike v 
ravnotežji in usklajenosti pri vstajanju oz pri sedenju (Lovett et al., 2005). 
Oscilacije jahačevega trupa v navpični in vodoravni smeri se odražajo na razdalji med 
konjsko žvalo in jahačevim zapestjem, ramo in kolkom. S kamero z visoko hitrostjo snemanja 
so snemali šest izkušenih jahačev označenih z okroglimi odbojnimi označevalci. Jahači so 
jahali polnokrvne konje v sedečem kasu, v ravni črti. Ugotovili so, da so spremembe razdalje 
od žvale do zapestja in rame  iz faze s spremembami razdalje med žvalo in kolkom (Terada et 
al., 2006). 
Za študij gibalnih vzorcev  pri počasnem kasu, so na hitri tekaški stezi, z vgrajenim sistemom 
za merjenje sil, s posebnim video sistemom, posneli gibanje okroglih odsevnih označevalcev, 
pripetih na jahača, konja in sedlo. Gibanje so opisali s koti zasukov okrog treh osi. Od stika 
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kopit do približno polovice koraka, medenica jahača rotira okoli Y osi (»pitch«) proti glavi in 
stran od podporne okončine okoli X (»roll«) in Z (»yaw«) osi. V drugem delu koraka so 
opazovali gibanje v nasprotni smeri. V fazi pojemanja hitrosti je jahač potisnjen v sedlo in 
stremena. Pri tem je lumbalna lordoza bolj izražena, noge se upogibajo v kolenih in gležnjih, 
glava zaniha naprej. Pri odrivu konja, jahača odnese iz sedla, lumbalna lordoza se izravna, 
noge se iztegnejo, glava se pa pomakne nazaj (Byström et al., 2009). 
Med kasom se jahač lahko dvigne iz sedla z vsakim korakom ali pa ves čas sedi. Dvigajoči 
kas se uporablja pogosto, ker prevladuje mnenje, da je ob tem načinu jahanja obremenitev 
hrbta konja manjša. Jahač vpliva na gibanje konjskega hrbta in na sile, ki delujejo tako na 
hrbet kot na okončine. Da bi to preverili, so primerjali upogibanje hrbta pri dvanajstih konjih 
pod različnimi pogoji.  Konji so tekli neobremenjeni in pa z enim jahačem v sedečem kasu ter 
dvigajočem kasu. Izkazalo se je, da sta maksimalna upognjenost hrbta pri dvigajočem kasu in 
pri neobremenjenem teku podobni (de Cocq et al., 2010). 
Ko so primerjali izkušene jahače in novince po različnih obdobjih usposabljanja, med hodom 
in kasom so ugotovili, da se je položaj jahačev med jahanjem izboljševal z vadbo. Na začetku 
je med hodom, pri novincih, trup nagnjen naprej, po 24 tednih vadbe je položaj trupa bolj 
pokončen, celo nekoliko za navpičnico. Položaj kolen, gležnjev in ter nagibanje desno in levo 
sta postala stabilna po 12 tednih . Kot naprej – nazaj (front – rear) se je, pri novincih, z vadbo, 
približal vrednostim izkušenih jahačev (Kang et al., 2010). 
V določenih okoliščinah, lahko prisotnost jahača šepanje pri konju poslabša. Zvečanje mase z 
dodajanjem mase jahačevega telesa, šepanje poudari predvsem takrat ko konj ne more 
premakniti središča mase stran od prizadete okončine. Šepanje s sprednjo oziroma zadnjo 
okončino so opazovali pri dvajsetih konjih, ki sta jih jahala samo dva jahača, novinec in 
izkušeni jahač. Iz asimetrije v gibanju označevalcev na glavi in na križu konja so izračunali 
tako imenovani parameter šepanja. Konje so opazovali (in snemali) ko so tekli brez jahača, ko 
jih je jahal novinec in ko jih je jahal izkušeni jahač. Pri sprednjih okončinah, razlik med 
parametri šepanja niso opazili. Pri zadnjih okončinah so opazili pomembno zvečanje šepanja, 
ko je konje jahal izkušeni jahač. Razlika je bila statistično značilna. Izkušeni jahač očitno 
doseže višjo stopnjo zbranosti pri konju in s tem večjo obremenitev zadnjih okončin (Licka et 
al., 2010). 
Različni položaji sedenja v sedlu vplivajo na stabilnost jahača in na razporeditev sil, ki 
delujejo na hrbet konja. Primerjali so tri različne tehnike pri kasu: sedeči kas, dvigajoči kas in 
dvotočkovno sedenje. Pri desetih konjih, so pod dobro umerjena sedla, položili tlačno podlago 
s katero so merili tlak pod sedlom, med tem, ko je konje na samodejni tekaški stezi, jahal 
izkušen jahač.  Stabilnost so ocenjevali s premikanjem centra pritiska v longitudinalni in 
transverzalni osi. V transverzalni smeri ni bilo razlike med tremi tehnikami. V longitudinalni 
smeri pa je jahač najbolj stabilen pri dvotočkovnem sedežu, nato pri dvigajočem kasu in 
nazadnje pri sedečem kasu. Glede na obremenitve, od najmanjše do najvišje, se tri tehnike 
jahanja razvrstijo v enakem vrstnem redu (Peham et al., 2010). 
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V študiji, ki je bila načrtovana, da preizkusi uporabo inercijski senzorjev v terenskih pogojih, 
sta dva jahača opremljena s temi senzorji jahala enega konja. Meritve so bile narejene za hod, 
sedeči kas, dvigajoči kas in galop v levo. Merili so antero-posteriorne (AP) in lateralne kote 
pri rotacijo okoli vzdolžne in prečne osi. Valovne oblike med medenico jahača in sternumom 
konja sta se najbolj ujemale pri sedečem kasu. Pri drugačnih korakih je to ujemanje bilo dosti 
slabše. Pri dvigajočem kasu so bile valovne oblike za AP kote v fazi, pri sedečem kasu, 
galopu in hodu so valovne oblike bile iz faze. Koeficient multiple korelacije se je gibal med 
0,74 do 0,98 (Münz et al., 2013). 
Inercijske senzorje so uporabili za oceno simetričnosti gibanja med sedečim kasom in 
dvigajočim kasom pri jahanju naravnost in v krog, kar so običajne vaje pri ocenjevanju 
šepanja. Inercijske senzorje s šestimi stopnjami svobode so namestili na vrh glave, na viher, 
na najvišjo točko medenice in na tuber coxae. Najbolj izrazite spremembe pri simetričnosti 
gibanja so opazili pri dvigajočem kasu, pri jahanju v krog (Robartes et al., 2013). 
Razvoj mobilnih tehnologije je omogočil kinematične analize konjev in jahačev med 
vzdržljivostnim tekmam v naravnem okolju. Z dvema triosnim  akcelerometroma so opremili 
šest jahačev in njihove konje med 120 km dolgo tekmo. Analizo so omejili na navpične 
premike. Za ločevanje med galopom in kasom so uporabili frekvenco dorzo-ventralnih 
premikov konja. Večji dorzo-ventralni premik so opažali pri kasu. Pokazalo se je, da so v 
galopu jahali redkeje kot v kasu. Analiza maksimalnih amplitud navpičnih premikov jahača je 
pokazala, da se jahač premika bimodalno tako v kasu, kot v galopu. Povezavo med korakom 
konja in jahalno tehniko so analizirali z Lissajou-vo krivuljo, ki je pokazala različne vzorce 
koordinacije med jahačem in konjem. Za kas sta bila značilna dva zaporedna vzorca, ki sta se 
pri tehniki dvotočkovnega sedenja prekrivala, pri dvigajočem kasu sta bila pa ločena. 
Ločevanje med dvotočkovno tehniko in sedenjem (pri galopu) oz dvigajoči kasom (pri kasu) 
je možno na temelju naklona (kota) Lissajou-ve krivulje (Viry et al., 2013). 
Pri jahačih, ki so bili opremljeni z Xsens
TM
 MVN oblačili, so merili zunanjo rotacijo kolka 
okoli vzdolžne osi. V študijo je bilo vključenih dvanajst kombinacij jahačev in konj. Izmerili 
so povprečno razliko (asimetrijo) od 1° do 27°. Pri 83% kombinaciji je rotacija bila večja na 
desni (Gandy et al., 2014). 
Dvajset novincev in izkušenih jahačev opremljenih z inercijskimi senzorji s šestimi stopnjami 
svobode so opazovali med jahanjem na 30 m dolgi ravni jahalni stezi. Jahači so prejahali 
stezo štiri krat, v hodu, v kasu in galopu. Našli so statistično pomembne razlike med novinci 
in izkušenimi poklicnimi jahači. Poklicni jahači so vzdrževali položaj medenice bližje 
osrednjem položaju, pri novincih se je medenica nagibala v desno in nazaj pri vseh vrstah 
konjske hoje. Opazili so tudi fazni zamik pri antero-posteriorni rotaciji med poklicnimi jahači 
in novinci pri vseh vrstah konjske hoje (Münz et al., 2014). 
V podobni študiji, v katero so vključili 10 novincev in 10 izkušenih jahačev, so z inercijskim 
senzorjem s šestimi stopnjami svobode, merili relativne kote kolena in komolca in absolutne 
kote medenice, trupa in glave. Konje so jahali na 30 m dolgi peščeni stezi, štiri krat v kasu in 
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štirikrat v galopu. Med izkušenimi jahači in novinci so našli statistično pomembne razlike za 
minimalno in povprečno anteroposteriorno rotacijo glave pri jahanju v kasu. Ravno tako so 
ugotovili, da se pri novincih, trup nagiba bolj naprej kot pri izkušenih jahačih. Izkušeni jahači 
imajo med sedečim kasom, komolce bolj upognjene kot novinci. Obseg gibanja v kolenu in 
gležnju je pri izkušenih jahačih statistično pomembno manjši kot pri novincih. V nasprotju s 
kasom, pri galopu gibanje glave jahača kaže veliko standardno deviacijo za vse preiskovane 
parametre. Trup in medenica se pri galopu rotirata v nasprotni smeri do rotacije konjskega 
trupa. Pri novincih je rotacija v lateralni smeri zopet izrazitejša (Eckardt and Witte, 2015). 
V večini omenjenih raziskav so jahači jahali istega konja zato je ugotovljene razlike lahko 
pripisali predvsem znanju in izkušenosti jahača. Tudi v raziskavah kjer so uporabili več konj 
in kjer so medsebojni vpliv opisovali ali s spremembami vektorja dolžine v faznem prostoru 
ali s spremenljivostjo pospeška in hitrosti gibanja, so razlike pripisovali spretnosti jahača, 
čeprav je vsak jahač jahal svojega konja.  
V skupini raziskav so proučevali asimetrijo gibanja tako pri jahačih kot pri konjih. Asimetrija 
je lahko posledica večjih obremenitev. Opazili so pri konjih, ki so sodelovali vzdržljivostni 
dirki, da so tisti konji, ki so bili hitrejši in so imeli zvišano koncentracijo kreatinin kinaze, 
imeli višji indeks šepanja, ki so ga izračunali iz razlike med dolžinami korak diagonalnih 
parov okončin (Muñoz et al., 2006). 
 Razlike v rotaciji okoli navpične osi in v premikih jahačevih ramen so opazili pri različnih 
korakih. Asimetrijo gibanja pri konjih  so opazovali predvsem pri šepanju, ki se, ko konja jaha 
izkušen jahač še poslabša. Različen korak konja in posamezne dresurne vaje ravno tako 
poslabšajo šepanje. Za vse raziskave je skupno, da en jahač vedno jaha enega konja. V nobeni 
raziskavi ni bil jahač izpostavljen več konjem. Zato vpliv gibanja konja na gibanje jahača ni 
prav dobro raziskan. Nekatere raziskave so pokazale, da gibanje jahača spremlja gibanje 
konja v odvisnosti od konjskega koraka, vendar so v samo eni raziskavi pokazali, da konji 
različnih pasem različno vplivajo na gibanje jahača.  
Pričujoča raziskava je del večje raziskave, v katero je bilo vključenih 6 jahačev, in vsak od 
njih je jahal 10 konj. Tako so bili zbrani podatki za 60 kombinacij jahač - konj.  Cilj študije je 
bil, da se pokaže dvosmerni vpliv med jahačem in konjem z opazovanjem ene same 
spremenljivke. Izbrana spremenljivka je bila obseg gibanja jahačevega boka v vertikalni 
smeri.  
Raziskava je potekala v decembru 2013 na Danskem. V študiji je sodelovalo 6 danskih 
jahačev. Vsi jahači so bili profesionalci, ki redno sodelujejo na tekmah dresurnega jahanja. 
Vsi jahači so jahali vse konje. Podatki, vključeni v našo raziskavo, so zbrani ob opazovanju 
60 kombinacij jahač - konj. Meritve so bile opravljene v pokriti areni dimenzij  100 x 20 m. 
Del te arene ( 60 x 20 m) so uporabili za ogrevanje in jahanje dresurne naloge. Po začetnem 
ogrevanju so vsi jahači na vseh konjih odjahali enako dresurno nalogo. V namen te 
magistrske naloge so bili vzeti v vpogled 3 dresurni elementi: sedeči kas naravnost, sedeči kas 
v levi mali in desni mali krog. Za zajem podatkov smo uporabili inercijsko merilno enoto 
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(inertial measurement unit - IMU) podjetja X-IO Technologies Limited. X-IMU senzor je 
sestavljen iz 16 bitnega žiroskopa, 12 bitnega akcelerometra in 12 bitnega magnetometra. 
Uporabili smo 7 senzorjev (3 za konje, 4 za jahače), katere smo nastavili da so zbirali podatke 
na 256 Hz. Senzorji za jahače so bili kalibrirani za vsakega jahača s pomočjo položajnega 
stola, ki je omogočil jahaču, da se postavi v primeren položaj. Vsakem jahaču so namestili 4 
senzorje: na vrhu čelade, na hrbet med lopatice in na oba boka. V naši raziskavi so 
uporabljeni podatki iz senzorjev, ki so bili postavljeni na levem in desnem boku. Oba senzorja 
sta bila kalibrirana tako, da je bila X os horizontalna in pozitivna v smeri gibanja konja, Y os 
je bila navpična in pozitivna navzgor. Pri Z osi, ki je bila horizontalna in pravokotna na X os, 
je bila na levi pozitivna smer levo, na desni pa desno. Na konje so ravno tako pritrdili tri 
senzorje (vrh glave, na L3 ledveno vreteno in S1 križno vreteno). Vsi jahači so bili tudi 
snemani z video kamero, ki je bila postavljena na krajši stranici jahalnega pravokotnika.  V 
naši raziskavi smo uporabili samo podatke s senzorjev, ki so bili postavljeni na levi in desni 
bok in ki so bili zajeti med jahanjem treh dresurnih nalog. Sinhronizacija surovih podatkov s 
časovnimi podatki na videoposnetkih, je omogočila ločevanje podatkov, ki so posneti med 
posameznimi dresurnimi nalogami. S posebnim programom napisanim v programskem jeziku 
Matlab smo iz surovih podatkov (pospešek in čas) izračunali hitrost in razdaljo.  Iz podatkov 
o razdaljah smo z drugim programom, ravno tako napisanim v programskem jeziku Matlab, 
identificirali korake (stride), jih normalizirali na enako dolžino in izračunali povprečne 
vrednosti. Iz povprečnih vrednosti za vsako od 60 kombinacij jahač-konj smo izračunali 
obseg gibanja kot razliko med minimalno in maksimalno vertikalno razdaljo. Za statistično 
analizo smo uporabili programski paket SAS 9,4 kjer smo za analizo variance uporabili 
mešani model in Bonferronijeva test sredin za oceno razlike med ocenami posameznih 
nivojev sistematskih vplivov. Uporabili smo dva statistična modela. V prvem smo s 
sistematskimi vplivi opisali dresurne naloge, položaj senzorja in njuno interakcijo ter kot 
naključna vpliva opisali vpliv konja in jahača.  V drugem modelu pa smo naključnemu delu 
dodali še interakcijo med konjem in jahačem.  
Povprečni obseg gibanja senzorja na jahačevem boku je znašal 141,5 ± 18,2 mm. Pri jahanju 
levega malega kroga je povprečni obseg gibanja znašal 139,6 ± 16,5 mm, pri jahanju desnega 
malega kroga je povprečni obseg gibanja znašal 143,2 ± 19,4 mm in pri jahanju naravnost 
141,7 ± 18,6 mm.  Obstaja majhna, vendar statistično pomembna razlika v povprečnem 
obsegu gibanja med levim bokom, kjer znaša 143,1 ± 18,2 mm in desnim bokom, kjer znaša  
140,14 ± 18,1 mm. Analiza variance je pokazal, da v obeh modelih obstaja statistično 
pomemben vpliv dresurne naloge  (p1= 0,0167, p2= 0,0052) in položaja senzorja (p1 = 
0,0158, p2= 0,0166)  na variabilnost naših podatkov pri obeh modelih. Razlika najmanjših 
kvadratov povprečji je bila statistično značilna v samo med levim malim krogom in desnim 
malim krogom (p1 = 0,0013, p2= 0,0046) ter med levim in desnim bokom (p1 in p2 = 
0,0158). Povprečni obseg gibanja pri posameznih jahačih in konjih veliko bolj variira, kar 
lahko razložimo s kombiniranim vplivom obeh naključnih učinkov. V prvem modelu lahko 
več kot polovico (53,05 %) te variabilnosti razložimo z vplivom konja in samo 16,2 % lahko 
pripišemo jahaču. V drugem modelu, kjer pa smo vključili še interakcijo med naključnima 
vplivoma  pa smo z vplivom konja razložili 51,93%, z jahačem 16,49%  in njuna interakcija 
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pa je razložila 9.65% variabilnosti v obsegu gibanja. Obstajajo tudi razlike med jahači.  3 
jahači od 6  so statistično različni od ostalih. Pri konji pa so 3 konji od 10, ki so statistično 
različni od ostalih. V interakciji med konjem in jahačem pa imamo samo tri kombinacije 
konj-jahač od 60, ki so statistično različne od povprečja. 
V raziskavi smo analizirali medsebojni vpliv jahača in konja z opazovanjem obsega gibanja 
inercijskega senzorja pritrjenega na jahačev bok. Ker so vsi jahači jahali vse konje, lahko 
razlike v obsegu gibanja pojasnimo tako z razlikami v načinu gibanja med posameznimi 
konji, kot z razlikami v tehniki jahanja med posameznimi jahači. Vpliv dresurne naloge in 
mesta merjenja je bil enak za vse kombinacije, saj so vsi jahači in konji jahali vse tri naloge in 
meritve so bile vedno  opravljene ne istih mestih. Pri jahanju posamezne dresurne naloge je 
položaj jahača vedno nekoliko drugačen. Tako je obseg gibanja na levem boku pri levem 
malem krogu manjši in na desnem boku pri desnem malem krogu. Verjetno se pri jahanju 
levega ali desnega malega kroga jahač nagne v stran zavijanja in zmanjša obseg gibanja na 
tistem boku.  Razlike med levo in desno stranjo pri jahanju naravnost z razpoložljivimi podati 
nismo mogli pojasniti.  
Kas se razvršča med simetrične korake z dvo-taktnim ritmom. Konj premika okončine v 
diagonalnih parih. Vsakič, ko se diagonalni par okončin dotakne tal sledi faza suspenzije, ko 
se nobena okončina ne dotika tal, nato se tal dotakne nasprotni diagonalni par. Z naraščanjem 
hitrosti se dolžina koraka podaljša, čas trajanja pa skrajša (Clayton, 1994).  Pri 85% konj se 
zadnja okončina prej dotakne tal in se prej odrine kot sprednja okončina. Pri 15 % korakov 
sprednja ali zadnja okončina, v določeni faz koraka edini izvajata podporo telesa živali. V 
angleškem jeziku temu pravijo »leggedness« kar bi lahko prevedli kot »nogatost« (Deuel and 
Park, 1990). To lahko vnaša določeno asimetrijo v gibanje konja. Asimetrijo so pri kasu 
opazili po vztrajnostnih dirkah, vendar so jo pripisovali utrujenosti ali neodkritem šepanju 
(Muñoz et al., 2006). V raziskavi, ki so jo zastavili  zato, da preverijo kako pogosta je 
prisotno šepanje so napravili meritve pri 220 zdravih toplokrvnih konjih, ki so tekli v kasu v 
ravni črti. Pokazali so, da 72 % konj kaže asimetrijo gibanja, čeprav lastniki šepanja ne 
opažajo (Rhodin et al., 2015). V drugi raziskavi, v kateri so 8 ameriškim kasačem, pa so nad 
križnico, namestili inercijske senzorje z dodanim GPS sistemom. Meritve so opravljali med 
tem ko so konji tekli v kasu, po krožni stezi, z različnimi hitrostmi in v obeh smereh. 
Zanimivo je, da so vsi sodelujoči konji pri kasu kazali asimetrijo desne zadnje okončine (Kirk 
et al., 2013). 
Pri jahanju, še posebej v sedečem kasu se premiki konja prenašajo na jahača. Sile ki nastanejo 
pri stiku diagonalnega para okončin s podlago, se prenašajo neposredno na jahača. Poklicni 
jahači poskušajo vzdrževati kot med trupom in podlago, okoli 90°. Vendar tudi poklicni 
jahači ne morejo preprečiti premikanja medenice, ki se nagiba naprej ter rotira in nagiba stran 
od podpornega para okončin. Relativni kot med medenico in stegnenico z izkušenostjo 
narašča (od 128° do 140°) (Schils et al., 1993).  Udar diagonalnega para okončin se prenaša 
na jahača, ne glede na njegovo izkušenost, saj tudi pri izkušenih jahačih povzroči spremembo 
absolutnega kota za kolk za 4,1° in spremembo absolutnega kota za stegno za 7,3° (Lovett et 
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al., 2005). Medenica jahača se nagiba naprej (pitch) in v stran (roll in yaw) od okončine, ki 
podpira težo. Od sredine koraka (midstance) do začetka naslednjega koraka se medenica 
nagiba v nasprotno stran, vrtenje v stran (roll in yaw) pa postane bolj odvisno od 
posameznika, tudi pri poklicnih jahačih (Byström et al., 2009). Te različne tehnike jahanja v 
kasu lahko razložijo razlike, ki so opažene v naših podatkih.  
Asimetrijo v gibanju so opazili tudi pri jahačih. V raziskavi, v katero so vključili sedemnajst 
jahalk, ki so jahale svoje konje.  Pri vseh jahalkah so opazili, da se vrtijo okoli vertikalne osi v 
levo in da bolj premikajo desno ramo. To naj bi bila posledica manjših razlik v dolžini 
okončin jahalk (0,3 ± 0,1mm), ki so jo v tej raziskavi opazili. (Symes and Ellis, 2009) 
 
Sedeči kas povzroča velike navpične premike, še posebej na samem vrhu glave. Z 
elektromiografijo so pokazali, da se poklicni jahači s pravočasno aktivacijo svojih mišic( m. 
erector spinae, m. rectus abdominis and m.adduccorfemoris) bolj učinkovito prilagajajo 
gibanju konja (Terada, 2000). Pri tem sodelujejo tudi druge mišice, kot so mišice hrbta 
(m.trapezius), rame in zapestja. Krči se tudi m. rectus abdominis kar pomaga pri stabilizaciji 
trupa in pravilnem vrtenju medenice (Terada et al., 2004). 
Razlike v maksimalnih amplitudah navpičnih premikov konjskih ledji in križa so lahko 
velike. Pri polnokrvnem konju znaša maksimalna amplituda 34,8 ± 6,8 mm, pri domačem 
konju s Hokkaida pa maksimalna amplituda znaša 28,3 ± 4,7mm (Matsuura et al., 2003). 
Maksimalna sila, ki deluje na jahača med sedečim kasom znaša 2112 N, zaradi česa je sedeči 
kas najbolj nestabilna tehnika jahanja in najmanj prijazna do konjskega hrbta (Peham et al., 
2010). 
Razlike v obsegu gibanja pri posameznih jahačih v naši raziskavi so se  gibale med 130 mm 
in 150 mm, pri posameznih konjih pa celo med 111 mm in 161 mm. Čeprav so bili vsi jahači 
v naši raziskavi poklicni jahači, imajo nekoliko različne sloge jahanja, kar je razvidno, če 
primerjamo obseg gibanja med jahači na istem konju. Še večje razlike med obsegi gibanja so 
opazne če primerjamo konje, ki jih jaha isti jahač. V interakciji med konjem in jahačem 
imamo samo tri kombinacije od 60, ki so statistično različne od povprečja, čeprav imamo kar 
nekaj konj in  jahačev, ki so statistično različni od povprečja. Zakaj je prišlo do teh odstopanj 
njihovih razlogih in njihovem pomenu težko sklepamo. K temu rezultatu bi lahko prispevala 
tehnika jahanja, vendar so jahači precej izkušen, kar kaže tudi njihova variabilnost, ki je 
veliko nižja od variabilnosti, ki jo prispevajo konjem. To kaže ravno na to, da imajo konji na 
variabilnost obsega gibanja veliko večji vpliv 
Dejstvo, da je v naši raziskavi vsak jahač jahal vse konje, daje tej raziskavi pomembno 
prednost, saj omogoča študij dvosmernih vplivov med jahačem in konjem, kar v raziskavah, 
ki vključujejo samo enega jahača ali samo enega konja ni možno. Na drugi strani je slabost 
naše raziskave, študij samo ene spremenljivke.    
V naši raziskavi smo opažali veliko variabilnost v obsegu gibanja v navpični smeri. 
Statistična analiza je pokazala, da so opažene razlike predvsem posledica različnih gibalnih 
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vzorcev posameznih konj. Jahač se lahko manj ali bolj uspešno prilagaja gibanju konja, 
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